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••CHEMOKINE-LIKE PROTEINS AND METHODS OF USE" 

The invention relat:es to novel ^^^^^^^^^'^^^^ 
^ *.>,*.ir use to suppress the proliferation of 
5 proteins and their use to s PP progenitor 
actively dividing myeloid cells, e.g., y 
"lis lyeloi^ ste» celXs. and le.Xe.ic cells, ana « 
::iiuze prcenltor cells fro» the bone .arrow to the 

''"^n'cr;:; appro.i.atel. 1...000 o. the people «no 
undergo cheJtherapy become neutropenic, which causes 
:L to heco.e susceptihle to i"--^-^"* ^^^^ _ 

.acrophage-colony stimulating ^-^-^^^'^^J ' 

granulocyte-colony stimulating factor (G-CSF) , and 
11 %oMn fEPO) as a method of salvaging cells 

erythropoietin (EPO) ^^^^^^.^^^ely 100,000 patients 

20 surviving chemotherapy. Approximately iu , ^ 
20 surviviiiy r-eceiving G-CSF for this 

:ro"e^ T-cri:TsertoTt;u Je .owtn o. white 

z^i^ tn^e 

TrHo "e/axarvocvte progenitor stimulating factors 

""^ritertat^ve approach .or preventing neutropenia 
. . 4^>,ihil: cell proliferation with low doses of 
riircrcrei,^.^- i^hlhlts cell c.cling. thereh. 
30 protecting the progenitor cells fro. 

che.otherapy and/or J^^ent is also 

che.otherapy has ended, the '^^"^'l' '^^^J' 
stopped, Which allows the progenitor cells to res 
normal proliferation. 
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Chemclcines ore small inducible proteins that are . 
related by amino acid homology, chromosome 10=="-'-^ 
structural similarities, including the presence of four 
position-invariant cysteine residues in their P^-^-^V 
s Lino acid seciuence that form t.o disulfide bonds. The 
amino acid sequences of various naturally occurring, 
wild-type chemokine proteins are shown in Fig. 1. 

certain chemoXines, known as beta chemoKxnes, have 
a CYS-Cys pair as the first two cysteines, and include 
.0 L^IpSge inflammatory protein-1 alpha '"^^i^; 
macrophage chemotactic and activating factor «CAF, also 
Kno«, as monocyte chemo-attractant protein-1 (HCP D), 
MCP-3, and Regulated on Activation, Normal T-cell 
Expressed and Secreted protein (ESNIES) . The beta 
15 chemokines are potent chemoattractants for a varxety of 
blood cell components, including monocytes, eosinophxls, 
and T-lymphocytes, but not neutrophils. 

Vther chemokines, known as alpha chemokines, have 
a Cys-X-Cys triplet as the first two cysteines (X can be 
20 any amino acid other than cysteine,, and include the 
huLn-derlved proteins interleukin-8 (11,-8), 
called melanoma-growth stimulating '"-^ ^L- 

„IP-2„ (also Known as GRO-P) , m^-2P (also known as GRO 
neutrophil activating peptide-2 ,NAP-2, . platelet 
25 factor 4 (PF4), gamma interferon inducible protein 10 
(ylP-lo), Epithelial derived Heutrophil Actuating 
protein (78 amino acids in length) (ENA-78) , p- 
thromboglobulin ,.TG, , — """^T^^^^^^^^ll^.p^p, 
peptide-III (CTAP-III), and platelet basic protein (PBP . 
30 T^ha chemokines are potent chemoattractants and all 
except PF4 and ylP-lO activate neutrophils. 

Chemokines have been shown to regulate 
proliferation and/or differentiation of hematopoietic 
stem and progenitor cells in ^ and in 
35 example, MlP-la, .IP-10, IL-8, Gro-p. PF4, and HCP 



PCTAJS95/13897 



WO 96/13587 



.0 ana MXP-1. have been "J//^..^ « 

,„.X„ and PF4 provide a J^^^^ proliferation. 

.e-o.ines\o ili.i. ^r^vTzr 

cells iD jriae. For example, Ma^e J"", ' jj^ suppressed 

- — * -"L;;r3ri::eTuir "Lrioovfe. 

p.oliferatxo„^nd x„ ^^^^^^^^^^^^^^ 

Bacrophage, erythroi „,.^„s at doses between 2 and 

.ens .ro. .ice -"-^^^^ ^^L^slv- Murine MXP-1.. 

^^-^'Cc—': ir^'^-i^^e ^^^^^^^^^^^ 

demonstrated to -i- proU^^^^^^^^^^ lUZZ'.Z 
o^, and -"-^-^^"^::rines cause a significant 

30 »ice. rurthennore, "^^^^ in S-phase. 

decrease in the nu^er of 
For example, Dunlop et al., 61233, 

Observed that recombinant human ''^^-^Z^^. 
suppress CFH-S in a dose dependent manner in -l£r=. 
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« «.uce hi,. prol«e«tive .t..e of the crU-S 

" S:S;t"::e:r:.UU a .u^^ne ..c. .he 

cytotoxic effects of hydroxyurea. 

. . .T.rre':ve7trt\^PtV.e^'i^^ 
" A Shorter p P 

a.ino -^^^ containing the c-terBinaX 18 

assay. ^^^„^^„,i<,buUn did not inhibit 

30 ..ino acxds fro. ^ J^-^ S2:i"a 
proliferatxon ^^''^'l;^^^^^^^^,^, , «„-Gly-Ar,-Lys- 

r"c;;r:rp!rc.-.ia-.rc^.^^^^^^^^^^^^ 
"-r p:::::: rertrpiirc :::=::::: ce^L ^ ^ 

25 can also P"'^=^ ^ ^If luorouracil chemotherapy. 

-rh"-cL\re the drugs .ost co o used 
. ^hoTnicallV-induced neutropenia, they have 
rerrarn^rarr .or example ^-CS.s^o c. pre.e^^^^^ 

30 drop in --/--re; ^^e' lorpLt or nadir in 

rrirorc;ur TcL also fan to stimulate Platelet 
^ ^r.A thus do not protect platelets, 
olcs;: expensive, and are therefore often 
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10 



15 



about 1000. 

P-nirr--^ "f Till' 
Th« present invention is based on the discovery 
that the ability of chemoklnes to suppress the 

Trol"--^- -"-^^ "^^^"^"^ ""L 
peloid progenitor cells, myeloid ste. cells, and 

iLe^io cells, - -:;r„:::^vr:ora:r^^^^^^^ 
h-r:: ::::::: :rre;ai conti^ous a.ino ..s . 

che.oXines that, in co^inations of two 
domains, are necessary for „yelosuppressxve -t-^^^- 
L preLent inventors have determined the amxno acid 
sejences of five of these -tive doma ns= 1 

. ^ TT-B^ 2^ ELRV (derived from IL-8) , "'^'^ 

(derived from IL-8) , 2) ei^ l iatLKNGQK (SEQ 

of' the two DLQ domains from PF^J, i; 
(one of the two « ACLNPASPIVK (SEQ ID 

Tn NO-43) (derived from Gro^) , ana 5} 

ID NO. 43) (a various mutations of .these 

NO- 44) (derived from Groa) • various m 

. — or^esvrrr rrention mci^es 

novel chemo.ine-li.e proteins that are based upon a w.ld 

ly^ ehemoRine amino acid se<^ence (the """P^^^^ 

e^^moKine, that is modified irfrom a 

heterologous active doma.n e , an^.c^^_^^ 

" TrlZlT^.T.L thus^ontain at least t tive 

— z :rourer:rnTfTc::^^^^^^^^^^ 

"Tst" Certfin ot these new chemoXine-liKe protein. 
30 rari-mucrriU myelocuppresslve activity than 

— — j:^drr:rr^-. ..^ in^ntion 

features the new proteins and the use of -^^-^ 

to treat Chemotherapy-induced, as well as rad.ation 
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induced, neutropania. The invention also features new 
::Lds Of screening and treating patients "i"' 
myelogenous leuKemias as well as other hyperprolxf erative 
blood diseases. In addition, the new proteins can be 
5 used to identify, purify, and e^and progenitor-specific 
cell populations in an £X Stsa setting for re- 
introduction into a patient following radiation or 

chemotherapy. , 
in general, the invention features a protein 
10 having the amino acid se,^ence of a wild-type chemoXine 
having four- cysteine residues, the a.lno "guence 
containing an active domain selected from: DLN, 

ELQ, DLR, ELRV, DLQ, lATLKHGOK (SEQ ID H0:43), and 

ACU.PASPIVK (SEQ IDNO:44). Preferably, the active 
i. domain replaces a number of amino acids ident.ca to the 
number of amino acids in the active domain, and is 
positioned m the protein such that the active domain is. 
1) on the H-terminus side of and proximal the first 
cysteine residue of the wild-type / ' 

.0 terminus side of and within il amino acids ^^^f 
cysteine residue of the wild-type chemoKine; 3) on the H 
terminus side of and within 11 amino acids of -^^^^^ 
cysteine residue of the wild-type chemoKine,- or 4) 
C-terminus side of and within 11 amino acids of the 
25 fourth cysteine residue ot the wild-type chemoKine. 

The invention also features a protein having the 
amino acid sequence of a wild-type chemoWne, e.g., 
having four cysteine residues, with the following 
: lifications: a, amino acids DX. as the ^ ™- 

on the N-tenainus side of and proximal to tne 
" :i ^t me ^.^due of the Wild-type chemo.ine,- and b, 
I:lno acids E^XVX,X,X3X,X,X, as the 10 ^^"^^ °" 

„-terminus side of and pro.i^l to the °' 
the wild-type chemoxine, wherein X is any amino acid, 
35 e.g. , B, N, E, or Q, and XiXjXjX.XsXj can be any six 
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consecutive aMino acids on tne H-ter»inus side of and 
~ rrilir re -e-rr .e a.ino 

TTnJention additionaiiv Matures a protein 
havin, the a.ino acid se^ence of a «ixd-type cheno.ine, 
e.,.. IL-8. having four cysteine residues with the 
following modifications: a, a.ino acids =^ -^^^^ 
contiguous amino acids on the N-termxnus sxde °* 
proxiral to the first cysteine residue of the wild-type 

che-nolcine, and b) amino acids ^^^^^^^Y' \ZTJl^^ 
.mino acids on the H-terminus side of and proK.mal to the 
, third cysteine of the wild-type chemoXxne where.n X .s 
<H R N.E, orQ, and X1X2X3X4X5X6 can 

^a:: r n;e:;:;;e "mi^o ;=ids on the K-terminus side 

< 1 to the tJiird cysteine of the vild-type 
ir.^rr:X:^:Z therein can have the amino 

~;rren'tT:irt?:nVlly features a protein 
having the amino acid se<^ence of a wild-type chemo.xne, 
.5 e.g., having four cysteine residues, w.th the 

f;ii;wing modifications: a) amino acids DU. as the 3 

30 am.no ac.ds on ^^^^^ chemolcine, wherein X is 

third cysteine of the «ld yp x,X,X,X,X,X. can 

any amino acid, e.g., K, H, N-terminus side 

be any six consecutive amino acids on \ 
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following BOdi£ioations= a) amino acids DW as the 3 

proxxmal "^^^ J^^,^, ^clhpaSPIVK (SEQ id H0:44) 

''*'7^Z\Tllo ToL including the fourth oysteine of 
:reTix:!t^e^::-.ine. «he«i„ the C in .C.^.SP.VK 
corresponds to the fourth cysteine residue. In 
Trtiriar, the protein can have the amino acid se^ence 
EAEEDGDIflCLCVKTTSQVBPEHITSLEVIKROPH- 

CPTAQLIATLKMSBKACLNPASPIVKKIIKKI^S (SEQ ID NO 26) . 

The invention further features a protein having 
- amino acid 

Wild-type chemokine, wherexn Z is 
fourth cysteine °' ^^^^ ^ particular, the 

o any amino acid, e.g., 1/ a, 

protein can have the amino acid sequence 
EAEEDGDLQCLCVKTTSQVQPQHITSLEV- 

rKACPBCPTAO.IATX^=OKi™P.VKKIXKKIXES J^^ " f'"' " 
- any Of these new proteins the Wli^^^^^^^^^^ 

rrE:;-:r:;.:-'c.;p-x/x; ..^-^0. 

.,=0 feature a protein having the 
The invention also feature a v 
,„lno acid sequence SAKEmCQCIKTYSKPFHPKFIKE- 
30 r™:— XVK.SDO.E.C.DPKEN«V««VVEKr. ,SE« XD 

The invention also features the use of these 

diviaing y chemokine-liKe 
35 effective amount oi any 
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proteins of the invention. The cell can be cultured ^ 
li^. or Zd^. or the cell can he in f^' J^^ 
^ins can also be used for the manufacture of a 
Ldicament for treating a hyperprolif erative -V-^"^ 
disease or as an adjunctive agent, e.g., in chemotherapy. 

Furthermore, the invention features an adjunctive 
method for use with chemotherapy or radiation therapy in 
a patient by administering an effective amount of a 
chemo.ine-li..e protein of the invention to ^^e patent 
, and administering chemotherapy or ^"^f^^f^",^, 
the patient in conjunction with the administration of the 
protein. As used herein, "in conjunction with" means 
before, during, or after, or any combination thereof . 

The invention also features these proteins for use 
S in treating a hyperprolif erative myeloid disease, e.g. . 
Chronic myelogenous leukemia, polycythemia vera or 
hypermegalcaryocytopoietic disorder, in a patient by 
a^nistering to the patient an effective amount of a 
chemokine-like protein of the invention. 
0 in addition, the invention features methods of 

detecting and/or isolating CD34- myeloid cells in a 
of cells by obtaining a sample of cells. 
: ictllg L sample with a chemo.ine liHe Pro-in under 
conditions that allow the protein to bind to -V 
,5 myeloid cells in the sample to form bound complexes, and 
detecting any bound complexes in the sample as an 
indication of the presence of CD34* myeloid 
sample, or removing any bound complexes from the sample, 
and separating myeloid cells from the bound 

30 complexes to isolate the CD34^ myeloid cells from the 

The invention additionally features method "JT 
isolating OD34* myeloid cells from the peripheral blood 
r. : tlenrty aLinistenng an effective amount o^ a 
35 chemoKine.li.e protein to the patient, and isolating 
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CD34+ myeloid cells from a peripheral blood sample from 
the patient. 

The invention further features nucleic acids 
encoding the chemokine-liXe proteins of the invention, 
5 such as nucleic acids having the sequence of SEQ ID NO: 34 
or SEQ ID NO:41. 

unless otherwise defined, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art 

10 to which this invention belongs. Although methods and 

materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, the preferred methods and materials are 
described below. All publications, patent applications, 

15 patents, and other references mentioned herein are 

incorporated by reference. In addition, the materials, 
methods, and examples are illustrative only and not 
intended to be limiting. 

Other features and advantages of the invention 

20 will be apparent from the detailed description including 
the drawings, and from the claims. 

nrawinas 

Fig. 1 is a representation of the wild-type amino 
acid sequences of representative members of the human 
25 chemokine family of proteins (SEQ ID NOS:l-15). 

Fig. 2 is a representation of the amino acid 
sequences of novel chemokine-like proteins of the 
invention (SEQ ID NOS: 16-28 and 47-49) compared to the 
wild-type amino acid sequences of IL-8 (SEQ ID NO:l) and 
30 PF4 (SEQ ID NO: 6) . 

Fig. 3A is a representation of the nucleotide 
sequence of human PF4 cDNA (SEQ ID NO: 29) and the 
translated amino acid sequence (SEQ ID NOS: 66 AND 6) , as 
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20 



25 



well .s the sequences of the four «pliBers used for Its . 
synthesis (SEQ ID NOS:30-33). 

Fig. 3B is . representation of the nucleotide 
sec^ence of the cDHA of new che.okine-li^e protein Pr4M2 

ID KO:34, and the translated a.ino acid - 
veil as the se^ences of the two a^plimers used for its 
synthesis (SEQ ID HOSt33 and 35). ,„tlde 
Fig. 3C is a representation of the nucleotide 
seguenoe (SEQ ID N0:26, which begins at nucleotide 
::Mdu. nLer 101 of SEQ ID H0:57, of the cDNA of new 
che«oKine-liKe protein Pr4-.X4 (SEQ ID H0=57, and the 
translated anino acid seguence, as well as the seguences 
cf^e a.pli.ers used for its synthesis (SEQ ID NOS-.SB 
and 30-32^, . ^ „p„,entation of the nucleotide 

seguence of the cDNA of new che.oKine-liI=e protein PF4- 

fSEQ ID NO:59) and the translated amino acid 
seUnce, as well as the seguences of the a.pli~ers used 
for its synthesis (SEQ ID NOS:33 and 60-62). 

Fig. 4A is a representation of the nucleotide 
sequence of human IL-8 cDHA (SEQ ID NO: 36) and the 
translated amino acid seguence (SEQ ID N0 = 69) as well as 
the seguences of the four amplimers used for its 
synthesis (SEQ ID NOS:37-40). 

Fig. 4B is a representation of the nucleotide 
sequence of the cDNA of new chemokine-like protein II.-8H1 
S^ID H0=41, and the translated amino acid seguence 
SEQ ID H0:70), as well as the seguences of the two 
Im^imers used for its synthesis (SEQ ID HQS: 40 and 42, . 

Fig. 4C is a representation of the nucleotide 
seguence of the cDHA of the II.-8 polypeptide antagonist 
rTsm (SEQ ID NO!52) and its translated amino acid 
sUenclTs- - " " .wo amplimers 

used for its synthesis (SEQ ID HOS:40 and 53). 
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Fig. 4D is a representation of the nucleotide 
sequence of the cDNA of the IL-8 polypeptide antagonist 
IL-8M9 (SEQ ID NO: 54) and its translated amino acid 
sequence (SEQ ID NO: 64), as well as the two amplimers 
5 used for its synthesis (SEQ ID NOS:40 and 55). 

Fig. 4E is a representation of the nucleotide 
sequence of the cDNA of the IL-8 polypeptide antagonist 
IL-8M10 (SEQ ID NO: 50) and its translated amino acid 
sequence (SEQ ID NO: 65), as well as the two amplimers 
10 used for its synthesis (SEQ ID NOS:40 and 51). 

Fig. 4F is a representation of the nucleotide 
sequence encoding IL-8M3 (SEQ ID N0:56) . 

Fig. 5 is a schematic of the chemokine active 
domains necessary for myelosuppression and their 
15 locations in wild-type IL-8 and PF4 , and in new 
chemokine-like proteins. 

Figs. 6A to 6H are graphs representing the 
inhibition of myeloid progenitor colony formation in in 
vitro assays of new chemokine-like proteins compared to 
20 wild-type PF4 and IL-8. 

Fig. 7A is a bar graph comparing the ability of 
the new chemokine-like proteins to elicit neutrophil 
degranulation as detected by release of elastase actxv.ty 
from neutrophils. 
25 Fig. 7B is a graph comparing elastase release 

activity of IL-8M1. IL-8M8. IL-8M9 , IL-8M10, and wild- 
type IL-8 in an in VitTQ assay. 

Fig. 8A is a bar graph comparing the influence of 
wild-type IL-8 and PF4 and new chemokine-like protein IL- 
30 8M1 on the cycling status of granulocyte-macrophage 
progenitor cells in 22ivo- 

Fig. 8B is a bar graph comparing the influence of 
wild-type IL-8 and PF4 and new chemokine-like protein IL- 
8M1 on the absolute numbers of granulocyte-macrophage 
35 progenitor cells in viVO « 
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A series of new chemokine-like proteins were made 
using wild-type amino acid sequences of known chemokines 
as templates, and including at least two active domaxns, 
5 with at least one of the new active domains originating 
from a chemokine other than the template chemokine. 
Other new proteins that included only one active domaxn 
were used as controls. These new chemokine-like protexns 
were then tested for myelosuppressive activity m in 
10 viira assays and in in animal models described 

below. Xn addition, several of these new proteins were 
found not to activate neutrophils, and thus are not 
inflammatory. 

The amino acid sequences of the new chemokine-lxke 
15 proteins are shown in Fig- 2, in which the bold amino 

acids represent active domains that have been discovered 
to be required for the myelosuppressive activity of the 
wild-type chemokines and new chemokine-like proteins, 
underlined amino acids are different from those normally 
2 0 found at that location in the wild-type chemokine 
template. variations of these new chemokine-like 
proteins can be made and tested as described below. 

Chenokines having nonMl, «il<J-t:ype amino acid 
25 sequences are available In natural or recombinant form. 
For example, natural PF4 can be isolated """^^ 
platelet extracts. Natural IL-8 has been isolated from 
either stimulated human endothelial cells or hu„an 
monocytes. Other chemoHines such as PBP J- ^ 

30 isolated from various human cell sources. The vHd-type 
ammo acid se<nences of several representative °^ 
the human chemokine family are shown in Fig. 1. As used 
herein, the term ..chemokine" or -.wild-type chemokine 
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includes both the natural and recombinant forms of the 
proteins that have a wild-type amino acid sequence. 

Recombinant MlP-la (rMIP-la) , rMIP-1^, rMIP-2a, 
and rMIP-2^ are produced using yeast expression vectors 
5 as described in Tekamp-Olson et al., Jt EXP- Mg<a, > 

122:911 (1990), or can be obtained from Peprotech (Rocky 
Hills, NJ). Recombinant IL-8 {rIL-8) , PF4 (rPF4) , NAP-2 
(rNAP-2), CTAP-III (rCTAP-III), GROa (rGRO-a) , and GRO^ 
(rGRO^) were cloned and expressed in £^ cfiU at Repligen 

10 (Cambridge, MA). Both the 77- and 72-amino acid forms of 
IL-8 were cloned and expressed at Repligen, and can be 
purchased from Pepro Tech, Rocky Hills, NJ. The 77-amino 
acid form of rIL-8 and the natural form of PF4 can also 
be purchased from Sigma Chemical Co. (St. Louis, MO). 

15 Recombinant preparations of IL-8, MCAF and RANTES are 

available from Pepro Tech (Rocky Hills, NJ) . Recombinant 
NAP-2 (rNAP-2) can be purchased from Bachem Bioscience, 
Philadelphia, PA. Other cytokines, including recombinant 
EPO (rEPO) can be purchased from Amgen Corporation 

20 (Thousand Oaks, CA> . Human rGM-CSF, rGROa, IL-3, and SLF 
(also called mast cell growth factor, stem cell factor, 
and c-kit ligand) can be obtained from Immunex 
Corporation (Seattle, WA) . 

Human chemokines were purified prior to use and no 

25 endotoxin was detected in these samples using a standard 
limulus lysate assay. 

| ,„^^r, n» pp Marr»^ Pr-oaen3tor Cell? 

Human bone marrow cells were obtained by 
aspiration from the posterior iliac crest of healthy 
30 volunteers. Low density (LD) cells (<1.077 g/cm ) were 
retrieved after density cut separation on FICOLL-HYPAQUE- 
(Pharmacia Fine Chemicals, Piscataway, NJ) . 
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sew che»oRine-IiKa proteins can be Bade using 
standard synthetic te=hni<^.s. or can be '-^"^^^ 
recombinant DNX technology and expressed in ^^cterial, 
5 yeast, or Ba».alian cells using standard technigues. 

^h^nir^"^ synthesis v,»«o^ 
chlokine-liKe proteins can be synthesized based 

.0 :::ir«-caLnyl and -^^^^--^ 
described in Clark-I^wis et al. , E . W . A.Sw VgS . 2fl. 
3577 (1993) and ClarK-Lewis et al. , Plnr,h^p^sm . 

Ii 3i e-3i35 <i99i>. :crd 

«uoride, the proteins are folded by air o«datxon and 
X5 purified by reverse-phase HPLC. Purity is determined by 
revlrse-phase HPI.C and isoelectric focusing, ^xno acid 
incorporLion is monitored during synthesis and the 

inal composition is determined by amino acid analysis. 
The correct covalent structure of the P--^ ^ - 
confirmed using ion-spray mass spectrometry (SCIEX 

using recombinant DNA techniques. For example, mutant 
"^ "."e genes were generated using standard polymerase 

Chain reaction .PCK> --"^ ^^r ^ 
oligonucleotide primers, e.g., as describ 
al \.S. Patent No. 4,800,159. The primers were 
assigned to be less than lOO bases in length with a 
30 minimal overlap of at least 23 bases, J" 

-riargeTioTo :rrs:ne:i:nrsrream of 

synthes»er. ^ ^"^^ J ,,,,,,,.te restriction 

a „a to enhance visualization of 

endonuclease dxgesti-on anu ^ 
35 endonuclease digested DNA versus undigested DHA 



20 

APIII) . 



25 
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agarose gel. Oligonucleotide pri»ers were amplified by 
25 to 30 cycles of PCR using standard reaction 
conditions, outside prii»er concentration was 0.4 
pBOles/Ml and all inside primer concentrations were 0 004 
p„oles/Ml in the reaction. Following amplification the 
selected gene was digested with restriction endonucleas.. 
Bam HI and Bde I and clectrophoresed on a 1% IMP ^ 
agarose/3% HuSieve gel containing 40 mM Tris, ""'"^•'J 
Z H.,EOTA.2«,o <TAE, bu«er. Bands corresponding to ".e 
. doubly cut gene were excised from the gel and used in 
liaation reactions. 

The digested DMA was ligated into the pMEK vector 
(derivati^ed pET 9a vector, Hov.gen, Kadison, WI) and was 
selected for by Kanamycin resistance. This vector 
: permits protein expression only following induction of 
the cells with isopropyl-.-D-thiogalactoside <IPTG, 
following the ligation reaction, the vector including the 
gene segment was electroporated into XLl Blue L £2U 
cells and screened on agar-kanamycin plates. 
D were chosen and the correct inserts were screened by 
restriction digests of DNA mini-preps (5 colonies per 
Plate) . The DMA sequences of positive clones were 
: :led using an Applied Biosystems Prism Tag Dye Oeoxy 
Terminator seguencing kit and an Applied Biosystems 373A 

. - „g seguence confirmation, the resul^ng 

plasmids were electroporated into BX.2i (DE3, 
cells, colonies were screened on kanamycin plates and 
grown in 50 ml cultures for examination of expression 

,0 levels following induction with IPTG. 

Factor 4 fPF41 . 
The following general methods were used to 
synthesize, clone, and express a PF4 gene. J-^' 
gene for PF4 was obtained by directing "-^"^/^^ 

,5 expression of the protein. As shown in Fig. 3A (SEQ 
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(SEQ ID NO: 66 



5 NO:30) was a codon and sense strand 

Of the ^r^or (GXu, to Val,, of the mature 
valso of 1*e P ^^^^^^ _ ^^^^ ^ „ 

10 secreted form)]. ^ I extending 

contained the antlsense nucleotides 231 to 1 ^ 

the first two positions of codon Thr„ of the preo 
to the first two i- nucleotides 

(Thr„ Of the //;^7V' TnuTleotides of PF.-l- 

hem, I ,';Z. contained sense 

15 PF4-3 (SEQ ID HO: 32), also a 99 me , 

, .<^.= lOB to 303, extending to the cooing 
nucleotides 205 to ^ „ the mature 

:re"t:: ::rmT" .ti posiiio„s i 

--Trot^,"aTo"mrcUre: 1:^::: nuc^ot^es 
" r^to 2 e Undi:, to' the ,.C,„ translation stop of 
313 to 274, secreted f or^n) , and 

the amino acid sequence of human 

"r'fou'r amplimers were annealed to create a 

,_d P. gene, and ^ i:^^^^^^^^^^^^ - 

^« <>4n -in the caps and ampmy 

- ir^rL I/oned into an -«-on .^^^^^^^^^^ _ 
production of the protein. The £ 

- final Xhls mixture was 

35 :"2:-rir:;dtplined usmg Pfu polymerase 
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. T«na Ch) psr the manufacturer's 
(Stratagene, La Jolla, CA) P addition to the 

conditions without adding any ^^^^J^^^ 35 
^pXimer fixture -ct.cn w u. ecte ^^^^ ^ 

o. ampix^xc^^^^^^^^^^ 

5 minute, and 72 ^ ^^^,3 gel electrophoresis 

amplification was verif lea oy y 

. ^ PGR reaction mixture. 
°' ' ^%rU"iea - OH. .«^e„. «a. pur«le. ana 

CA). one half of pu ^^^^i^tlon enzymes 

«aex ana ^^""^ ^ » ^"^^ point agarose gel 

fragment vas purifiea oy -urifiea Nael/BanHI- 

electrophoresis ana "^^tea v th ^-/^^^^^^ ^ 
algestea p.T3a C^^- "l\,,3a hacXhone vas 

^ expression P^--^^^^^ ^^^^^ ,„Listea of the 
derivea from the plasmxa pARVH wh.c ^„ 

p^3a vector with an --'"^-^r r::asmia vas 
,0 the Hael to BamHI "-"^^^^f J ..e M=SA/=ro 

.i,estea ^^^l-;;l::i;:ZX^^ -uia insertea. Xhe 
,„gment so that the PF 

PF4 DKA fragment ---^ ^^.^^ ,„,,irmea that the 

was sequenced in its em:xre^y , 
25 correct sequence was present. pETPF4-l was 

usea to ^-^ff then inaucea to express 

were grown to an OD of 1.2, ^o the 

- - - Z:r:Z:: reur«ere peuetea. 

'° rraimriiTo-" — """" 

blotting to confirm expression of PF4. 
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^ r^rlU^CS^O «0:.„ a .e. ana .ncx^aea 

an Hdel restriction =lte, the ATG translation start 
nL>!n ana sense strana nuoleotiaes 1-59 of the human IL- 
Tc 1.-:.. <S.O lO H0..3S, was - - ---- 

- — ^^^^^^^^^^^ 

nuoleotiaes for restriction sites for clonxng. 

Sf^c ,e„es for human P.. 
chemoXine-liKe proteins were expressea Ln ^J^J^^^^J 

- r: — -oreart=^^^^^^ 

was suspenaed in lysis buffer (0.05 « f 
.OXA. 5 ^ OTT, 0.1* Triton-.100, ana lysea hy 
OVNOnll.- disruption in '•j^^^^^-^^/'.^^.f /reparation 
r:rt:r:irtra:ir.^« ^LeV concomitantly 
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acetate, pH 4.0, 8 M urea, and 50 inM DTT and loaded onto 
a s-sepharose column equilibrated with 25 oM sodium 
acetate, pH 4.0, 8 M urea. The column, containing bound 
protein, was washed with 25 mM sodium acetate, pH 4.0, to 
5 remove the urea followed by a second buffer wash 

containing 25 mM sodium acetate, pH 4.0, 0.5 M NaCl. The 
protein was then eluted with buffer containing 50 mM 
Tris-HCl, pH 8.0, 1 M NaCl. 

Fractions containing the appropriate chemokine or 
10 chemokine-like protein were refolded by overnight 

incubation in the presence of 1 mM oxidized/ 2 mM reduced 
glutathione at 25«C. The extent of refolding of the 
proteins was monitored using POROS" analytical 
chromatography. The reduced protein species were 
15 observed to elute from the POROS" column at different 
acetonitrile concentrations relative to the refolded 
species. Refolded fractions were pooled and 
rechromatographed by C4 semi-preparative reverse phase 
HPLC using a 0 to 100% acetonitrile gradient in 0.1% 
2 0 TFArHjO. Peak fractions were pooled and lyophilized for 
concentration determination. 

Purity of the final proteins was assessed by 
coomassie staining of SDS PAGE, analytical C4 reverse 
phase HPLC, and amino acid analysis. Protein 
2 5 concentrations were determined by amino acid analysis and 
an bicinchoninic acid (BCA) assay described by Smith et 
al., ft p^i- Riochem. . lSfl:76-85 (1985). Typically, 
several hundred milligrams of > 95% pure material was 
isolated from 100 g of starting material. 
30 For small scale purifications, cells were grown in 

a 500 ml shaker flask containing 300 pg/ml kanamycin 
until an absorbance of 0,6 at 600 nm was reached. Cells 
were then induced with IPTG for 3 hours at 37 followed 
by centrifugation at 14,000 x g for 30 minutes. The cell 
35 paste was resuspended in 20 ml of IX phosphate buffered 
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saline (PBS, Glbco) and sonicated for 3 minutes at 4-C 
reing a Bra;n-sonic .odeX 1510 sonicatcr at 20C W. The 
ZZ material was centrifuged for 30 minutes at 13,000 x 
g, and the precipitated material was resuspended in 
5 luffer containing 6 M Guanidine-HCl as described above, 
small scale purification of ohemokine proteins was 
identical to the purification described above for tl>e 
large scale isolation of chemokines. 

r-^. n „ ...^^nn cf rrnrnin rr,n<.^nt»tlOD 
,0 Protein concentrations were determined using the 

BCA protein-assay described above and results were 
calculated based on concentrations obtained from a 
standard dilution series of bovine serum albumin. Amino 
acid analysis of chemokines was obtained following 
15 hydrolysis of the proteins for 24 hours at SO-C in 12 H 
HCl Following hydrolysis, samples were derivatized and 
analyzed according to the method of Bidlingmeyer et al., 
■r, .^^...^noraohV, a2£=93-104 (1964). 

or„„1fin nhemnlrinr-TtV- Pfoteins 
JO The genes that express the new chemoHine-like 

proteins can be made by either of two methods. In the 
first method, a wild-type chemokine gene, e.g., one of 
the IL-B or PF4 genes described above, is used as a 
template, and the desired amino acid substitutions are 
25 TZ in «.is amino acid template by PCR amplification 
using e.g., a sense 5' amplimer that contains the 
se^ence l^r the desired modified codon,s,. This results 
in the amplification of a new gene that encodes a new 
orotein with the desired amino acid sequence. 
30 Alternatively, genes encoding the new chemokine- 

like proteins can be synthesized without a template us.ng 
ile four overlapping amplimer strategy 
with amplimers containing appropriate ^''^"'^^ 
that the final amplified DNA fragment will encode 
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the desired amino aoia sequence in the e^ressed new 
Ghemokine-lilce protein. 

A variety of new chemolcine-like proteins were made 
using the wild-type amino acid sequences of human PF4 and 
IL-8 (Figs. 3A and 4A, respectively) as the template. As 
Shown in Fig. 2, these new proteins are similar in amino 
acid sequence to certain wild-type chemoKines, in this 
case IL-8 or PF4 , but include specific amino acid 
substitutions and/cr insertions that maXe these new 
, proteins distinct and unique compared to the wild-type 
chemoklnes. m addition, these substitutions provide the 
new chemoKine-like proteins with an unexpected enhanced 
mvelosuppressive activity. 

m particular, as shewn in Fig. «, the cDHA (SEO 
: ID «0=41, encoding new protein IL-8M1 (SEQ ID "O:", was 
synthesized using a 5' sense amplimer IL-BMl-l (SEC ID 
NO=42), Which contains a nucleotide mutation designed to 
result in the substitution of the amino acid sequence DLQ 
(an active domain from PF4) for the sequence ELK m wild- 
D type IL-8 in the amino terminus of the protein. Because 
the remainder of the XL-8M1 sequence was to be the same 
as the wild-type IL-8 sequence, the 3' -^"-"^''"^^J;;" 
used was the same one used in the synthesis of the cDNA 
encoding wild-type IL-8 described above, amplimer IL 
, (SEa ID »0=40). This amplimer was chosen because no 
other mutation was desired, and this amplimer will 
produce no further mutation in the wild-type IL-8 
sequence^.^^ ^^^^ ^^^^ ^^^^^ ^^^^^^^ 

0 IL-8M8 (SEQ ID NO:63) was synthesized as described above 
eLept that the primer IL-M8-1 (SE« ID H0 = .3, was used as 
the 5' amplimer. As shown in Fig. 4C, the IL-8M8-8 (SEQ 
ID H0:52) amplimer contains a nucleotide mutation 
designed to result in the substitution of the amino^acid 
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= -t-o be the same as rne wxxu wj*' 
sequence was to be tne ^^^^ 

= r.r»r:»£, --rrjr™:r:.- ..... 

rr. »: 

,„ „ ••'""'°-"s",:.r.r.. ... 

..■•l. »• *"" , .' 1. ■.t.n.l... 

r> T p for the sequence E4IJ5R6 m 

„ — -r:r« 

used in the synthesis of the 

amino acW sequence ".^.s^e ^^^^^^^ „malnder of 

25 N-terminus of wild-type • „ild-type 

..a ---re°lTnrse::e"a;:..e. used was «,e 
IL-8 sequence, the ^he cDNA encoding 

:n:-::eT.v:errdro::. a.x.e. <s. . 

.y„«.esized m ^,.3„xo, except that the 

for XI.-SH1. ^"-T'"'' :rto insert the a-lno aold 

PCK -P^"/77 " \:rr viXd-t„e X.-S se^ence 
35 sequence £34^25^26^27 
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XO KO:S6, .... ,SEO ZD KO:34, 

" tein PF4H2 (SEO lo «0:67, was synthesUed 

encodin, new ^""'p^^^,.! (s^Q ID NO: 35), which 

5 using a 5. sense a^plimer ^""^ ^ < ^„ i„ the 

contains a nuc.eo.ide -utation desi^ (.Ea 

„.„..„.. . — ~ r;: 
rut: 

synthesxs of PF4 426 ( ^^^.O^, PP4- 

-■■""^r:lnThr:erd";;echni,ues, andassa. 

Basea on ^nrtitional new proteins can be 

— aescrihed he dd.t.ona^^_^^^ ^^^^^^^^ 

created usxn, other w.ld yp^^^^^^ ^^^^ ^^^^^ 
j5 or structural basxs^ A ^^^^^^^ ^ 

template based on a ive active domain 

introduce at least one "^^^^ ^j,,„„^i„e into the 

,ro. one region o. a se=ena ^^^^^ ^^^^^^^ 

30 template -f^^^^^^t^, .„other region o. the 

donain of the first cnei» ^^^^ 
template or introducing another active 
second or a third , having active 

. r/Eirx^Tan- <-v Of X.-S, . provides a 
35 domains 1 (ELR or xjj ; 
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.e«. o. ^'^•'-^-f-:T,Tr.U. "Tirana . 

(th. secona DLQ °^ ' „j these active 

„yelosuppress.ve -'^J^'l^^' J p^^ein loses its 

S .chains are '-nt;^ Tor eLIple. PF.MX. which is 
.yelosuppressive act V ty 

„issl.g ^°-^";;/",",^'„e all nissin, domain all 
lacK „yelosuppressive .^t^,, a„„,ins 1 

rrrnlC rer-^h:; .yelosuppresslve 
a^titlty Similarly. XL-SMl includes domains 3 and 
Td las^'unexpecteaiv '-^^-""rprteTnr.a^d on 
..amples o. -^'^J^^^^J^:^ ..owed 

P„ include -'^«l ^''^ZT.o.Z round in Pr4 also 
that destroying an active aom 

destroys P.VS the H-ter.inal 

- -rt:eTi:i:^rs:rn:\oVhra:Lo a^ds 

terminus side of the tirst cy n,ed below, this 

„X.. AS shown by the '-^ "-f;^ ^/^^^ .....ted 
Change destroyed PF4's tirst active d 

in a protein without "^'^--^■';\;\\^;:;"cin, an active 
Testing of PF4H2 showed that repiac y 
25 Testing ^ 

domain in PF4 with an active ^^^j^, p„tein. 

chemoWne creates a new •''f K-terminus up 

PF4M2 was generated by replacing the entir 
pr4nz was. y ^ .„„ „, wild-type PF4 with the 

to the first cysteine of "^^J^ ^^.3. ^.is change 
30 corresponding N-terminus of «^ ^^.3,, ji„t 

^Placed "-^tr^Vmriraititg pF4.s second 

r:;: TcS^.. - resulted m a mghlV active 



new protein. 
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New proteins PF4-412, Pr4-413, and PF4-414 were 
,ener Jrjreplacin, a.i„c a=i.s « ei - wi-type 
Pr4 with the corresponding a.ino acids fro. -""^^^ " 
8 HAP-2, or GRO., respectively, of these new proteins, 
p;4-". Ind Pr4-413 were essentially Inactive, because 
Z substitution of the new domains fro. IL-8 and HAP-2 
^stroyed PF4's second active domain without introducing 
rn!wTctlve dcain. PF4-4i4 retained the first actxve 
Lrain Of PF4 and included an active domain fro„ CROa, 
and had a higher activity than wild-type PF4 . 

PF4-421 was generated from an exchange of amino 
acids 25 to 31 of wild-type PF4 with the corresponding 
:: :: a^ds from wild-type XX,-a. This -suited .n a new 
protein that maintained PF4.s two active domains and 
, introduced IL-8's second active domain (Ej^LssRjjVj,) . 
Th!s protein had about the same activity as wild-type 

■ PF4-426 was created by replacing all three Arg (R) 
residues of wild-type PF4 with <f ^^^^^^ 

0 achieve a novel region at amino acxds 42 to 50 These 
cLnges created a region in the new P"- ^^--/^ ^° 
e corresponding region in GRO. .h- - "r^^. 
domain, while maintaining the first active 
a= « t-esult PF4-426 was highly active. 
, " "tl'ples Of new chemo.lne-ll.e P--^ 

11,-8 include II.-8H1, IL-8M3, IL-8M4, IL-8H6, IL-8M7 , 
^ 8H8 IL-8M9, IL-8M10, and IL-8M64 . 

ripiacmg ^:^-^:^^t::-^ 
. - ni^^tTc:!:: z:^iJ^ 

and II.-8's second active domain and was hishly «:tiv 
II.-8M3 H.-8M4, and II.-8M6 were generated by 
3S creating'^onT or two point mutations within the X.-8 dxmer 
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interface (H.-8's «cond active domain including the 
TZ Z^s^- between the second and third cV^^ines 
In normal IL-8) . These mutations destroyed II.-8'e second 
i"Lain Ld. as ejected, resulted in inactive 

5 P"'«i--^_^^^ ^ ^placing the entire c- 

terminus after the fourth cysteine of normal IL-8 with 
the corresponding c-terminus of normal PF4 . This 
substitution resulted in a new protein having ^^'^ = 
10 first and second active domains and PF4's second active 
lomain, and had ahout the same activity as vild-type IL- 

IL-8M8, IL-8H9, and IL-SMIO were generated by 
creating one or two point mutations within the DNA 
1. encoding the amino acids EI^ proximal and on the B- 
terminus side of the first cysteine of --^^^'^ » 
8-s first active domain). The IL-8M10 protein (D,I,,H,) 
exhibited myelosuppresslve activity that was 
significantly enhanced relative to ""^-^^^J^/^^^^^.^y 
20 activity, and comparable to the myelosuppressvie activity 
Of iI-SM;. The mutations in II,-S«8 and XI.-8M9 (E.I.=Q. and 
D L R respectively) resulted in proteins having 
:*ye\os'u;pr?ssive activities comparable to that of XL-8 
and PF-4. suggesting that the double mutation withm IL 8 
2= is critical to the enhancement of myelosuppresslve 

ctiv ty. These results also indicate that the ammo 
acid sequences DU.. DI^, and EI^ can also "-e as 
-active domains," and can, in combination with another 
active domain, confer myelosuppressive activity upon the 
30 novel chemokine-like protein. 

II,-8M64 was generated by truncating the =^9"' 

wild-type IL-8. 
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different chemoXine-like proteins shown in 
Fig. 2 were tested in both in vi££o and in ito assays to 
demonstrate their ability to inhibit proliferation of 
progenitor cells. Wild-type PF4 and IL-8 by themselves 
were shown to inhibit stem cell proliferation at 
concentrations as low as 25 ng/ml, whereas the new 
chemoXine-like proteins were shown to have equivalent 
myelosuppressive activity at much lower concentrations. 
New Chemokine-Like P^^^eins Inhibit 
Pr» q^T.if,or ^ ^1 1 PT-niiforr^t-ion Tn Vitro 

Chemokine-like proteins made as described herein 
can be tested by standard in yi£ro assays to determine 
whether they inhibit formation of colony and cluster 

i formation of granulocyte macrophages (termed colony 
forming unit-granulocyte macrophages (CFU-GH)). Such 
assays are well known and representative assays are 
ciescribed in Gentile et al., U.S. Patents Nos. 5,149,544 
and 5,294,544. In these assays, bone marrow or spleen 

0 cells are stimulated with, e.g., CSF, in an in vit^ 
culture system. The inhibitory activity of the new 
Chemokine-like protein is measured as the amount xt 
decreases the CSF-stimulated colony and cluster 

, '°^"'Tn particular, the new proteins described above 
were tested for inhibition of GM colony ^^^f ^^lO^ 
follows. LD cells were plated at a density of 5 X 10 
clils in 0.3% agar culture medium with 10% FBS (Hyclone, 

4. PFO-GM CFU-GM colonics 
Tooan UTl for assessment of CFU GW. o 

„ T*::Zs,^o.,, were s.i.ul,.ea ^ .u.an -^OO 
V/Ml) in conbination with hu»an rSLF (50 ng/mX) . AH 
colonies were tested in the absence or presence of 
different concentrations of new che.olcine-liKe proteins 
to examine potency of inhibition of 

,5 colonies were scored after 14 days .ncubation at 

lowered (5%) o, tension, and 5% CO, in a hu-idified 
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envirorment in an ESPEC N^-Oj-COj incubator BNP-210 (Taoi - 
ESPEC corp., south Plainfield, NJ) . Three plates were 
scored per determination. The results are expressed in 
Table lA below as a mean percent change from control ± 1 
5 S.E.M. for the number of experiments shown in experiments 
in which the control number of colonies per 1 x 10^ 
cells/ml ranged from 115 ± 5 (mean ± 1 S.E.M.) to 382 ± 
10. The inhibition shown, while partial inhibition of 
the total colony formation, is 90 to 100% inhibition of 

10 the steel factor enhanced colony formation. 

In Table lA, those data marked with a 
represent a significant change from control, p < 0.01 
(Students t test) , while those data marked with a 
represent a significant change from control, p < 0.05. 

15 The in vitro results are also shown in the graphs of 
Figs. 6A to 6G. 

Tat?1g lA 
Chemokine concentration (ng/ml) 

osmoto ISO- aj_,:^,iiL_ a— - " ' <' ■ '»' 

20 PF4WT-41±3'' -*0±2'' -2S±f ■\0±f, -3±2 

itt^ i^3'^*6t'2».7.2» ^2.5' -19.8- -3.2 

PF4^12 -6±4 -3±3 -1±1 

PF4-413 -19±10^ -14±16 .8±8 -2±1 +1±1 
25 PF4-414 -45±1*' -44±1'' ^4 ±2" -43-2" -42 ±5" -4311" -34±8 -3±3 

'^^.TS TS 3J:$.1f2»i;'2» ^6.2' .0.1- .25.4' 

30 I1^8M3 -8±3 -4±3 -1±2 -7±2 

II,8M4 -1±2 -1±2 

II^8M6 -2±2 -1±2 +1±1 ^ ^ ^ 

II.8M7 -^3±4" -45±2^ -25±2 -2±3 0±2 

I1.8M64^3±1'' -43±2"' -27 ±5" -10 ±7 -8±5 -5±1 

35 AS shown in Table lA, wild-type PF4 and IL-8 were 

effective to inhibit colony formation by human bone 
marrow GM progenitor cells at concentrations of at least 
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25 ng/xnl. At 10 ng/ml, neither one provided nore than 
insignificant inhibition. 

New chemokine-like protein PF4M1, in which the 
first active domain of PF4 was destroyed, was essentially 
5 inactive. PF4M2, however, which included the first 
active domain of wild-type IL-8 and the second active 
domain of wild-type PF4, had a much higher activity than 
wild-type PF4. Although PF4-412 and PF4-413 both 
retained PF4's first active domain, they were ei r.entially 

10 inactive because they both lacked a second active domain. 
PF4-414, which retained PF4's two active domains and 
included a new active domain from GROo, had a higher 
activity than wild-type PF4. PF4-421, which retained 
PF4's two active domains and included the second active 

15 domain from wild-type IL-8, had a somewhat higher 

activity than wild-type PF4 . PF4-426, which retained 
PF4's first active domain and included an active domain 
from wild-type GRO0, was highly active. 

New chemokine-like protein IL-8M1. which included 

20 PF4's first active domain and IL-8's second active 
domain, was active down to 0.001 ng/ml. On the other 
hand, new proteins rL-8M3, IL-8M4 , and IL-8M6 were 
essentially inactive, because each lacked an intact 
second active domain. IL-8M7 , which included wild-type 

25 IL-8's first and second active domains and PF4's second 
active domain, had about the same activity as the wild- 
type IL-8. IL-8M64, which retained wild-type IL-8's 
first and second active sites, but which lacked the last 
8 amino acids of wild-type IL-8, also had about the same 

30 activity as wild-type lL-8. 

The data in Table lA are also represented in 
graphical form in Figs. 6A to 6G. Fig. 6A shows the 
percent inhibition of myeloid progenitor colony formation 
by PF4M2 and PF4-413 compared to wild-type PF4 (PF4 WT) . 

35 Fig. 6B shows the percent inhibition by PF4-426 and PF4- 
412 compared to PF4 WT. Fig. 6C shows the percent 
inhibition by PF4-414, PF4.421, and PF4M1. Fig. 6D shows 
the percent inhibition by IL-8M1 and IL-8M3 compared to 
IL-8 WT. Fig. 6E shows the percent inhibition by IL-8M1, 

40 1L-8M64, and IL-8H6. Fig. 6F shows the percent 

inhibition by IL-8M1, IL-8M7, and IL-8M4. Fig. 6G shows 
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the percent inhibition by wild-type PF4, PF4-414, 
PF4-426, PF4M2, and wild-type IL-8. These graphs are all 
on the same scale, therefore, the activity of different 
new proteins can be directly compared. 

The relative activities of IL-8M1, IL-8M8 , IL-8M9, 
IL-8M10, wild-type IL-8, and wild-type PF4 in 
myelosuppression of colony formation by granulocyte 
macrophages (GM) (CFU-GM) , erythroid cells (BFU-E) , and 
multipotential cells (CFU-GEMM) were tested in an In 
vitro assay similar to the assay described above 
(Lord et al. > Blood . 72.: 2605-2609 , 1992); and 
Maze et al., Immunol. . 149:1004-1009, 1992). 

Briefly, the effects of chemokines upon CFU-GM 
were assessed by plating 1 x 10^ low density 
(<1.077 gm/cm^) normal human bone marrow cells in 0.3% 
agar culture medium with 10% FBS (Hyclone, Logan, UT) 
with 100 U/ml recombinant human (rhu) GM-CSF plus 
50 ng/ml rhu Steel factor (Immunex Corp., Seattle, WA) . 
The effects of chemokines upon CFU-GEMM and BFU-E were 
assessed by growing the cells in 0.9% methylcellulose 
culture medixim in the presence of recombinant human 
erythropoietin (rhuEpo) (l to 2 U/ml) in combination with 
50 ng/ml rhu Steel factor. Three plates were scored per 
concentration per experiment for CFU-GM, CFU-GEMM. and 
BFU-E colonies after incubation at 37«C in lowered (5%) 
O2 for 14 days. The combination of GM-CSF and Steel 
factor, or erythropoietin and Steel factor, allowed 
detection of large colonies (usually >1,000 cells/colony) 
which are derived from early, more immature subsets of 
CFU-GM, CFU-GEMM, and BFU-E. Levels of significance were 
determined using Student's t-distribution (two-tailed 
test). The data are presented in Table IB, with "a" 
denoting a significant change from control with p<0.01, 
and "b" denoting a significant change from control at 
» p<0.05 (student's t test). 
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AE Shown in Table IB, there were no observable 
differences in the myelosuppressive activities of the 
chenokines between cell lineages. These data indicate 
that chemokine-dependent suppression is not cell lineage- 
5 specific, but rather affects multiple progenitor cell 
populations. IL-8M8 and IL-8M9 exhibited 
myelosuppressive activities comparable to the 
myelosuppressive activities of wild-type IL-8 and PF4 
wild-type. IL-8M10 was highly active in 
10 myelosuppression, and had activity comparable to that of 
IL-BMl, suggesting that replacement of Argg of wild-type 
IL-8 with either glutamine or asparagine can mediate 
enhanced myelosuppressive activity if aspartic acid is 
present at position 4 of the IL-8 wild-type sequence. 
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The data in Table IB are also represented in 
graphical form in Fig. 6H, vhich shows the percent 
inhibition of GM colony formation by IL-8M1 and IL-8M10 
compared to wild-type IL-8 (IL-8 WT) wild-type PF4 (PF4 
5 WT) . 

As noted above, all of the results, taken 
together, show that there are two active domains within 
IL-8 involved in myelosuppressive activity (E4L5R6 and 
E24L25R26V27) . Moreover, the amino acid sequences DLN (IL- 
10 8M10), ELQ (IL-8M8), or DLR (IL-8M9) can also function as 
active domains.- Likewise, PF4 also has two active 
domains (D^LgOg and D54L55Q56) . Furthermore, the data 
obtained from PF4-426 shows that the amino acid sequence 
lATLKNGQK (SEQ ID NO: 43) from wild-type Gro-/3 is 
15 responsible, in conjunction with PF4's first active 

domain, for the high myelosuppressive activity observed. 
This sequence, which is present in Gro-p . but not in Gro- 
a or Gro-Y, is therefore believed to contain an active 
domain of this protein. 
20 m addition, the data obtained from PF4-414 shows 

that the amino acid sequence ACLNPASPIVK (SEQ ID NO: 44) 
from wild-type Gro-a is responsible, in conjunction with 
PF4's first active domain, for a high myelosuppressive 
activity. Although Gro-a is itself inactive in 
25 suppressing myeloid cell proliferation, it competes with 
IL-8 and PF4 for progenitor cell suppression, which 
suggests that it is able to interact on the cell surface 
and block activity. Thus, it is possible that Gro-a 
lacks some activation sequence required for 
30 myelosuppression, but includes a sequence responsible for 
binding, without the activation sequence, wild-type Gro- 
a has no myelosuppressive activity, but remains a 
competitive binding protein. However, when combined with 
an active domain from PF4 as described herein, the 
35 resulting new protein has very potent myelosuppressive 
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activity. This sequence ACUJPASPIVK (SEO ID NO:44) is 
ZZZ. ^Uevea to contain an active .o^in of Oro-». 

5j:.s^s»Sn"'?/«^ 

5 r'nrBT"'""^^"" ^ 

The ability of the new chemokine-like proteins to 
mediate neutrophil degranulation was tested in an in 
vitro assay as described by Hebert, et al., J. Immunol.. 
145-3033, 1990, with some modifications. Isolated human 
10 neu;rophils were suspended in PBS """^"7 f'" 

Na HPO. PH 7.4, 0.15 M NaCl, 0.2 M Hepes, 1 mg/ml BSA, 

r^lucose, 5 X 10- m,/ml cytochalasin B (5 ^f^^^-^^ 
in DMSO, Sigma, at a concentration of 2 x 10 «"-/»^- 
0.5 ml all<r>ots of the resuspended neutrophils were added 
15 to 0.5 ml Of the PBS solution. Following incubat.on, the 
cells were reequilibrated at 37-C for 15 min 

varying concentrations of wild-type IL-8 or II. 8 
polypeptide antagonist were added to the neutrophils with 
gen^^e mixing. Following addition of the IL-8 or IL-8 
20 polypeptide antagonist, the cells were P-"=^^^ 

0 75 ml of the resulting supernatant was added to 2.25 ml 

. s X 10-3 „„,ml of the fluorescent 
PBS in the presence of 5 x 10 mg/mx 

elastase substrate _„,„i 
MeO-Suc-Ala-Ala-Pro-Val-aminomethylcoun,ar.n (5 mg/ml 

25 stock in DHSO, peninsula Laboratories, Inc., Belmont, 
CA) Cleavage of the fluorescent elastase substrate 
reUases a molecule which, upon excitation "° J"; 
emits light at a wavelength of 460 nm ^^^^^^^^^^ 
incubated for 1 h at 37-c, placed on ice, and analyzed 

30 using a spectrof luorometer. Elastase levels were 

Tetermined as the amount of fluorescent P""-^^""* 
from the elastase substrate. Uncleaved substrate 
displayed minimal fluorescence intensity "^^^^ "^^^^ 
cleLed product. Backgrounds, which were *n>^"»^ 
35 than 2% of the maximum fluorescence released at the 

M^hest chemokine concentration were subtracted from each 
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samplc. The activities of compounds in this in vitro 
neutrophil degranulation assay are predictive of the 
ability of the compounds to elicit neutrophil 
degranulation in vivo. 
5 As shown in Fig. 7A, the antagonist, IL-8M1 was 

significantly inhibited in its ability to activate 
neutrophils, which as quite surprising given this 
protein's .otent myelosuppressive activity. Without 
being held to theory, the D^LgQ, ^^^^^ ^^^"^^ 
10 domain) from wild-type PF4 appear to make this new 

chemokine-like- protein act as if PF4 and IL-8 were both 
present and acting synergistically , but with a much 
higher activity per total amount of pre ein than can be 
achieved by merely combining the two wild-type proteins. 
15 With the exception of PF4M2, which possesses the ELR 
domain of IL-8, none of the new chemokine-like proteins 
based on PF4, including the highly active PF4-414 and 
PF4-426, elicited any response on human neutrophils 
(Fig. 7A). New chemokine-like proteins IL-8M1, .IL-8M8, 
20 IL-8M9, and IL-8M10, which are able to suppress 

proliferation of myeloid progenitor cells, elicited no or 
little neutrophil degranulation relative to wild-type 

IL-8 (Fig. 7B) . 

Since IL-8M1 and IL-8M10 are highly active at 
2 5 inhibiting proliferation of progenitor cells, yet do not 
activate neutrophils, these new chemokine-like proteins 
will not elicit the adverse neutrophil activation and 
concomitant inflammatory effects observed with wild-type 



30 



^' New Chemokine-Like Proteins Inhibit Progenitor 
n^• \^ PTolif ^T-^tion Tn Vjvo 



Wild-type PF4 and IL-8, and new chemokine-like 
protein IL-8M1 were also tested in an io ii3£2 model as 
35 follows. Murine models for assessing progenitor cell 

proliferation were carried out substantially as described 
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in cooper et al., T,^. H^matPlw 2iil86-193 (1994). The - 
results of this in yiv2 model, together with the in XitEfi 
assay results described above, are predictive of the 
efficacy of the new proteins in treating patients, e.g., 
5 hvimans . 

control medium, control diluent, wild-type IL-8 
and PF4, and the new chemokine-like protein IL-8M1 were 
evaluated for effects on myelopoiesis in vivo in mice, 
with endpoints being nucleated cellularity and 
10 differentials in the bone marrow, spleen, and peripheral 
blood, and absolute numbers and cycling status of myeloid 
progenitor cells in the marrow and spleen. In each test, 
groups of three C3H/HeJ mice or BDFi mice were exposed to 
a particular test sample. C3H/HeJ mice were used because 
15 they are relatively insensitive to the effects of 

endotoxin. Thus, any potential endotoxin contamination 
in the chemokine samples did not influence the in YiXft 
results, BDFi mice were used in addition to C3H/H3J mice 
to make certain that the observed phenomena were not 
20 mouse strain-specific. 

C3H/HeJ and BDFi mice were purchased from the 
Jackson Laboratory (Bar Harbor, ME), were housed in a 
conventional animal facility, and were injected 
intravenously with 0.2 ml/mouse sterile pyrogen-free 
25 saline, or the stated amount of a specific chemokine or 
chemokine-like protein, as described in Mantel et al., 
p, | j. y^.s.. USA . 9a:2232 (1993). The mice were sacrificed 
24 hours later. 

The cycling status of hematopoietic progenitor 
30 cells, i.e., the proportion of progenitor cells in DNA 
synthesis {S phase of the cell cycle) , was estimated as 
described in Maze et al., J. Tmrnunp?... 112:1004 (1992) 
and cooper et al. , Kyp. T^em^W., 22:186 (1994). The 
high specific activity (20 Ci/mM) -tritiated thymidine (50 
35 MCi/BL) (New England Nuclear, Boston, MA) kill technique 



wo 96/13587 



PCT/US95/13897 



-39- 

was used, and is based on a calculation in vitES of the 
reduction in the number of colonies formed after pulse 
exposure of cells for 20 minutes to "hot" tritiated 
thymidine as compared with a control such as McCoy's 
5 medium or a comparable amount of non-radioactive "cold" 
thymidine. 

in brief, femoral bone marrow was removed from the 
sacrificed mice, treated with high-specific-activity 
tritiated thymidine, and plated in 0.3% agar culture 
10 medium with 10% FBS in the presence of 10% volume/volume 
pokeweed mitogen mouse spleen cell cultured medxum. 
colonies (>40 cells/aggregate) and clusters (3-40 cells) 
were scored after 7 days of incubation. 

Three plates were scored for each sample for a 
15 statistical analysis. Each mouse was evaluated 

separately in groups of three mice each. Results for two 
experiments with three mice per group (each analyzed 
individually) are shown in Table II below, and are 
expressed as the mean ±1 standard deviation (SD) . The 
results are derived from the averages of each of the 
individual mice within a group. The probability of 
significant differences between groups was determined by 
Student's t-test (two-tailed). Parentheses indicate the 
percent change from control. In the table, those data 
.arked with a — represent a significant percent change 
from control, p < 0.005 (Students t test), while those 
data marked with a "<*" represent a significant percent 
Change from control, p < 0.025, and those data marked 
with an "«" represent a significant percent change from 
control, p<0.01. All other differences are not 
significantly different from control, p > O.l. 
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The in vivo results are shown in Table II above 
(and are represented in graphical form in Figs. 8A and 
8B) . As shown, wild-type IL-8 and PF4 were effective at 
a dosage of 10 jig/mouse, but were not significantly 
5 effective at lower dosages of 1.0 or 0.01 pg/mouse. 
Similarly, cell cycling was completely inhibited at a 
dosage of 10 /xg/mouse. As expected, these in xi2£ffl data 
confirmed the results of the in vitlZfi assay described 
above. 

10 The new chemokine-like protein IL-8M1, however, 

was effective at a dosage as low as 0.01 ^ig /mouse. At 
this dosage, progenitor cell cycling was suppressed from 
approximately 55% down to 14.7% +/- 11.7%, for a total 
reduction of 73.3% compared to control. The results were 

15 similar for the two studies of absolute number of colony 
forming units per mouse femur (top of Table II), and the 
percentage of cells in the replicating cycle (bottom of 
Table II) . 

The results of the in vivo tests are also depicted 

20 in graphical form in Figs. 8A and 8B. As shown in Fig. 
8A, dosages of 1.0 and 0.01 ng of wild-type IL-8 and PF4 
had little effect on the . percentage of CFU-GM in cycle, 
which is normally about 50 to 55 percent. However, even 
at a dosage of 0.01 ng, new chemokine-like protein IL-8M1 

25 reduced the percentage of cells in cycle to less than 15 
percent, and to less than 5.0 percent at a dosage of l.o 
Mg. IL-8M1 also reduced the percentage of cells in cycle 
to less than 5.0 percent at a dosage of 10.0 ng. as did 
wild-type IL-8 and PF4 . 

30 AS shown in Fig. 8B, absolute numbers of CFU-GM 

progenitor cells were also affected by the presence of 
chemokines. Wild-type PF4 and IL-8 decreased total cell 
numbers only at the 10 ng doses, while IL-8M1, being the 
more potent agent, inhibited the proliferation of 

35 progenitor cells at doses as low as 0.01 /.g/mouse. The 
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decrease in absolute n-mbers of progenitor cell in liYS ^. 

rai::::. tnat ceU proliferation nas been 

is a good correlate of the cell cycling assay described 

above- ^ . . ^ 

5 Binding of New Chemokine-Like Proteins to 

The ability of the IL-8 derived chemokines to 
competitively bind IL-8 receptor subtype B in the 
presence of wild-type IL-8 was examined in 2atro. 
10 Briefly, IL-8 was iodinated as previously 

described (Thomas et al., .1 Pio l . C^e^. . ^[^'T' 
14841 1991), or purchased from NEN-Dupont. A stable 
transfectant CHO cell line, 4ABCH033 (LaRosa ' 
J BiolChsm., 252:25402-25406, 1992), expressing human 
13 -eptor subtype B (") w used .n 

binding assays to test mutant chemokxne bxnding. 
Approximately 5 x 10^ cells were plated xn the wells of a 
"PP^ J , 3 davs. The medium was 

96 well plate and grown for 2 to 3 days, 
replaced with phosphate-buffered saline (P^S) 
.0 supplemented with O.S% BSX (PBS/BSA, . 0.5 nM »^I-laheled 
II.-8, and increasing concentrations of the various 
unlabeled chemoKines. The plates -ere incubated on xce 
for 90 minutes, the binding mixture was removed, and the 
cells were washed three times with ice-cold PBS/BS.^ The 
cells were removed from the plates with tryps.n-EDTA 
t^o,. and the radioactivity of the °^ 
the well determined by gamma counting Binding of each 
chemoKine tc untransfected cells, or bindxng in the 

35 each chemokine was calculated and is presented xn 
Table III. "NC" indicates no competition. 



25 



30 
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Tafrle III 



Cheinokln@ 


Ki trM) 




3 . 0+0 . 5 


IL-8M1 


661.0±189 


IL-8M3 


22.1+4.4 


IL-8M4 


29.3±7.2 


IL-8M64 


35.3+6. 2 


PF4 


NC 


P.F4M1 


839.4+202 


PF4M2 


52.0+11.8 



Wild-type IL-8, as well as other "ELR" -containing 
chemolcines including Gro-a, Gro-^, and NAP-2, bound the 
IL-8 subtype B receptor with high affinity. As shown in 
Table III, competition binding experiments utilizing 

15 ^^^I-labeled IL-8 and unlabeled mutant chemokine 

competitors demonstrated that the IL-8 receptor subtype B 
binding and myelosuppressive activity are not correlated. 
For example, IL-8M1 and PF4-M2 have comparable 
myelosuppressive activity, yet neither chemokine 

20 effectively competes with wild-type IL-8 for IL-8 

receptor subtype B binding. Moreover, the chemokines 
that most effectively competed with wild-type IL-8 for 
IL-8 receptor subtype B binding exhibited the lowest 
levels of myelosuppressive activity (e.g., IL-8M3, 

25 IL-8M4, and IL-8M64). These data suggest that 

myelosuppression is not mediated by chemokine binding to 
the IL-8 receptor subtype B. 

p «:. paTin Binding bv PF4 and PF4-based Chemoklnes 
In addition to its myelosuppressive activities, 

30 wild-type PF4 is characterized by high affinity binding 
and neutralization of heparin. Wild-type PF4 binds 
heparin with a binding constant between 3 x 10"^ and 1 x 
10"' M. The heparin binding affinity for the Pr4-derived 
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chemokines was determined according to methods well known - 
in the art. The PF4 -derived chemokines bound heparin 
with a dissociation constants approximating l x 10"' M, 
suggesting that the mutant proteins, including PF4-426, 
had properly refolded and bound heparin in a manner 
analogous to wild-type PF4. All of the IL-8 related 
proteins, including wild-type IL-8, bound heparin at 
levels at least 20-fold lower than PF4, suggesting that 
the iL-8-derived chemokines were also folded in the 
proper conformation. 

Examination of Chemokine-like 

roTn pp.li it or P Mvelosuppressj-on 

Chemokine-like proteins that were inactive in the 
progenitor proliferation assays above were tested for 
their ability to inhibit the myelosuppressive activity of 
either IL-8 or PF4. Varying concentrations of chemokine 
mutants IL-BM3, IL-8M4, IL-8H6, and PF4-412 were 
incubated with either 50 ng/ml wild-type PF4 or 
50 ng/ml wild-type IL-8 in the CFU-GM assay described 
above. cells were plated in 0.3% agar culture medium 
with 10% v/v fetal bovine serum, 100 U/ml rhu GM-CSF, and 
50 ng/ml rhu steel factor. The results of these 
experiments, as mean ± 1 standard error of the mean (SEM) 
with percent change from control shown in parenthesis, 
are shown in Table IV. These results are one of two 
similar and reproducible experiments. indicates 
significant change from control at p<0.00l; indicates 
significant change from control at p<0.05. 



wo 96/13587 



PCT/US95/13897 



Table IV 

Chemokine alone 



Sample 


C<?n<?ent:rati<3n 






Wild-tvtse IL-f 


5 Wild-type 


pr4 


control 


medium 


62+1 




31±4 


(-50)'' 


32±3 


(-48)" 


IL-8M3 


500 


60+3 


(-3) 






33+1 


(-47)" 


IL-8M3 


250 


58+2 


(-3) 


63+2 


(+2) 


28+2 


(-55)^ 




50 


62+4 


(0) 


26+1 


(-58)'» 


26+2 


( 58) 


IL-8M4 


500 


61+2 


{-2) 


33+2 


(-47)** 


29+3 


(-53)" 


ir.-8M4 


250 


61+1 


<-2) 


34+1 


(-45)" 


29+2 


(-53)" 


IL-8M6 


500 


32+4 


<-4B)'» 












250 


47+4 


(-24)*= 










II.-8M6 


50 


61+2 


(-2) 










PF4 


500 


57+3 


<-8) 


27+2 


(-56)" 


27+2 








(-56)" 






Mutants IL-8M4 


and 


PF4-412 


had no 


effect 


either as 





suppressors of progenitor proliferation, or as 
15 competitors with either wild-type IL-8 or wild-type PF4 . 
IL-8M6 suppressed progenitor cell proliferation at the 
highest concentration tested (500 ng/ml) , thus 
demonstrating its activity as a weak agonist in this 
system. 

20 IL-8M3 did not exhibit suppression of progenitor 

cell proliferation at any concentration tested. However, 
at 2 50 ng/ml and 500 ng/ml, IL-8M3 bloclced the 
myelosuppressive activity of wild-type IL-8. Under 
identical conditions, this mutant was unable to inhibit 

25 the ability of PF4 to suppress progenitor proliferation. 
Thus, IL-8M3 can enhance progenitor cell proliferation by 
inhibiting IL-8 mediated myelosuppression. 

IL-8M3 inhibition of IL-8-mediated 
myelosuppression also suggests that this mutant interacts 

30 with a cell-based receptor. The data from the receptor 
binding studies above, which indicate that IL-8M3 
competes with wild-type for IL-8 receptor subtype B 
binding, suggests that IL-8M3 mediates its anti- 
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myelosuppresslve activity by binding this receptor, or a 
similar, IL-8 subtype B-like receptor. In addition, the 
inability of IL-8M3 to inhibit PF4-mediated 
myelosuppression suggests that several different 
5 progenitor cell receptors, with different specificities, 
facilitate progenitor cell myelosuppression. 

^T«^« r. f NAw che r"^^^g-i-i^^^ Proteins 

The new chemokine-like proteins can be used both 
as diagnostic and therapeutic agents. 

10 p^^qii9fitic Uses 

The subclass of progenitor cells that respond to 
the presence of chemokines has been shown to include a 
cell population which contains the cell surface marker 
CD34 Therefore, the new chemokine-like proteins can be 

15 used as diagnostic agents to identify CD34^ progenitor 
cells in a sample population. For example, a solxd 
substrate or matrix coated with a new chemokine-like 
protein can be used to separate out cells that are 
responsive to the protein from a sample of cells removed 

20 from a patient. After culturing or expansion of these 
CD34- cells ex vivo, these cells can be re-introduced 
into the patient following transplant, chemotherapy, or 

radiation therapy. 

Furthermore, the new chemokine-like protexns can 

25 be used as diagnostic screening agents to identify 

patients with hyperprolif erative diseases who would be 
responsive to therapy with the new chemokine-lxke 
proteins. For example, an An JLLtrs assay, e.g., as 
described above, is used to test whether a particular new 

30 chemokine-like protein suppresses the proliferation of 
myeloid cells, e.g., leukemic cells, in a sample taken 
from a patient. A positive result, e.g., an inhxbxtxon 
of proliferation of 50 percent compared to a control. 
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indicates that the patient can be treated using the new 
protein as a therapeutic agent to suppress the 
proliferation of myeloid leukemias. 

TlTT^r**"^^^' uses 
5 The new chemokine-like proteins of the invention 

can be administered to a patient as adjunctive agents 
before and/or during chemotherapy or radiation therapy to 
protect myeloid progenitor cells from the cytotoxic 
effects of the chemotherapeutic agents or radiation. The 

10 new proteins place myeloid cells into a myeloprotected, 
slow-cycling state, thereby inhibiting or decreasing cell 
damage that could otherwise be caused by cell-cycle 
active chemotherapy drugs such as cytosine arabinoside, 
5-fluorouracil. or hydroxyurea. The use of the new 

15 proteins also permits the administration of higher doses 
of chemotherapeutics without compromising the ability of 
the patient to generate mature functional blood cells. 
The new chemokines can be used to protect progenitor 
cells in either an in vivo or in vitro setting. 

20 The new protein IL-8M3 can be administered to a 

patient to enhance progenitor cell proliferation by 
inhibition of the myelosuppressive activity of wild-type 
IL-8 or lL-8-based chemokines having myelosuppressive 
activity (e.g., IL-8M1 and IL-8M10> . IL-8M3 . or other 

25 chemokines that negatively regulate chemokine-mediated 

myelosuppression, can be administered to patients in whom 
myeloid cell proliferation is desirable, e.g., in 
patients having abnormally low numbers of cells derived 
from myeloid progenitors as a result of disease, e.g., 

30 leukemia or HIV infection, or as a side-effect of a 
therapeutic regimen such as chemotherapy. 

The new chemokine-like proteins are administered 
to a patient in the same way as normal, wild-type 
chemokines are administered, e.g., they are injected 
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intravenpusly or subcutaneouely in a pharmaceutical ly 
acceptable carrier. For example, sterile saline or 30% 
acetonitrile/0.1% trif luoroacetic acid (ACN) , as 
suggested for MlP-la in Cooper et al. ?upra, can be used 
5 as a carrier. 

As described above, In vivo murine studies with 
IL-8M1 have shown that effective suppression of 
progenitor cell proliferation occurs at dosages of 
approximately 10.0 to 0.01 (xq per animal, although 1.0 to 

10 0.01 ng per animal is preferred. This translates into a 
dosage of approximately 0.5 to 500 pg/kg. Assuming the 
average human patient weighs 70 Xgs, the effective amount 
for a human would be approximately 0.035 to 35.0 mg. 
Thus, a suitable dosage for therapy in a human patient is 

15 in the range of about 0.035 to 35.0 mg, with a preferred 
range of about 0.5 to 5 mg. 

Note that in chemotherapy, specific protocols 
vary, and factors such as tumor size, growth rate, and 
location of the tumor all affect the course of adjunctive 

20 therapy with the new proteins. Administration of 

chemotherapeutic agents, as well as the new chemokine- 
like proteins, requires knowledge of the extent of 
disease, the toxicity of previous treatment courses, and 
the timing of the expected drug toxicity. 

25 The new chemokine-like proteins also can be used 

to inhibit hyperproliferative myeloid-based diseases such 
as chronic myelogenous leukemia, polycythemia vera, and 
hypermegakaryocytopoietic disorders. Hyperproliferative 
states in such disorders occur because the progenitor 

30 cells are unable to negatively regulate cell growth and 
replication. Administration of the new chemokine-like 
proteins is expected to inhibit cell replication 
resulting in the inhibition of the abnormal cell growth. 
This expected effect is based on indications that certain 

35 populations of myeloid leukemia cells are responsive to 
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the inhibitory effects of wild-type chemokines. Dosages 
of chemokine-like proteins for treating 
hyperproliferative myeloid based diseases would be 
similar to those dosages described above for use of the 
5 proteins as adjuncts to chemotherapy. 

In addition, the new chemokine-like proteins can 
be used to prevent myeloid progenitor cells from becoming 
leukemic as the result of the administration of 
chemotherapeutic agents. The chemokine-like proteins are 
10 administered in the same way described above. 

The new> chemokine-like proteins also can be used 
in a method of isolating progenitor cells for, for 
example, bone marrow transplantation. Bone marrow 
transplants require collection of a large number of 
15 progenitor cells. Because progenitor cells are normally 
present in peripheral blood in very low numbers, 
isolation of a sufficient number of cells normally 
requires a bone marrow tap. The new chemokine-like 
proteins can be administered to the patient intravenously 
20 to mobilize progenitor cells from the bone marrow to the 
peripheral blood, thus providing a sufficient number of 
progenitor cells in the peripheral blood and avoiding the 
need for a bone marrow tap. While intravenous 
administration of wild-type IL-8 also results in 
25 progenitor cell mobilization, wild-type IL-8 also elicits 
neutrophil degranulation. The new chemokine-like 
proteins are advantageous for this use because they can 
elicit progenitor cell mobilization without eliciting 
neutrophil activation. 
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Other Emb odiments 
It is to be understood that while the invention 
has been described in conjunction with the detailed 
description thereof, that the foregoing description is 
5 intended to illustrate and not limit the scope of the 
invention, which is defined by the scope of the appended 
claims. Other aspects, advantages, and modifications are 
within the scope of the following claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION i 

(i) APPLlCANTi Repll-gen Corporation 

5 (il) TITLE OF INVENTION: Chemokine-Like Proteine and Methoda of 

(ill) NXmBER OF SEQUENCES: 70 

(iv) CORRESPONDENCE ADDRESS: 
^ fA) ADDRESSEE: Fioh & Rlchardaon P.O. 

10 (B) STREET: 225 Franklin Street 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.S.A. 

(F) ZIP: 02110-2S04 

15 (V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy dLB\t 
IB) COMPUTER: IBM PC compatible 
C OPERATING SYSTEM: ^C-DOS 'MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, \ .rsion rx.juo 
2 0 (vi) CURRENT APPLICATION DATA: 

2 0 (A) APPLICATION NUMBER: PCT/US95 

(B FILING DATE: 25-OCT-X995 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
75 (A) APPLICATION NUMBER: US 08/482,111 

B FILING DATE: 07-JUN-1995 
(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Paese, J. Peter 

_„ REGISTRATION NUMBER: 32,983 

30 \l\ S?eSn5e/DOCKET number: 00231/083001 

(ixl TELECOMMUNICATION INFORMATION: 
* ' (A) TELEPHONE: (617) 542-5070 

(B) TELEFAX: (617) 542-8906 

35 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNESSi single 
40 (0) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l» 

ser Ala Lys Olu Leu Arg Cya Gin Cys lie Lys Thr Tyr Ser Lys Pro 

45 Phe His pro Lys Phe He Lys Glu Leu Arg Val He Glu Ser Cly Pro 
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20 

Bi. cy. »1. ».n Thr Olu H. XI. V.1 I,y. I..u s.. J.P oly «, 01» 
^ cy. 1 A« pro Ly. «n Trp v.. c.n Jrg V.X v.l ol» Ly. 



50 

Ph» LOU Ly« Ar9 Ala Clu Xan Ser 
65 ^° 
(2) INFORMATION FOR SEQ ID N0i2: 

(i> SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 73 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ala Ser Val Ala Thr Clu Leu Arg Cya Cln Cy- Leu Gin Thr Leu Oln 

lie Hie pro Lys Aan He Gin Ser Val Aen Val Lye Ser Pro Gly 
' 20 2^ 

P„ Hi. cy. THr «u v,l ^ia Thr Leu Ly. »n 01, Ar, 

Ly. L.O ... Pro Al. ser Pro He v.l Ly. Ly. He II. olu 

50 

Lya Met Leu Aan Ser Asp Lye Ser Aan 
25 65 '° 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 amxno acida 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Bingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3; 
.1. pro Leu Ala T^r Glu Leu Arg Cya Gin Cya Leu Gin Tnr Leu Gin 

lly Xla Hia Leu is Aan He Gin Ser Val Aan Val Lya Ser Pro Gly 

pro His cy- lla Oln Thr Glu Val He Ala Thr Leu Lya A-n Gly Oln 

Lva Ala lya Leu Aan Pro Ala Ser Pro Met Val Lys Lys He He Olu 
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Lye Met Glu Lys Asn Gly Lya Ser Asn 
65 

(2) INFORKATIOU FOR SEQ ID N0:4j 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEHOTHi 73 amino acids 

(B) TYPEt amino acid 

(C) STRANDEDNESS: ainglo 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0l4: 

Ala Ser Val Val Thr Glu Leu Arg Cye Gin Cya Leu Gin Thr Leu Gin 
1 5 10 

Gly lie His Leu Lys Asn lie Gin Ser Val Asn Val Arg Ser Pro Gly 

20 25 
pro His Cys Ala Gin Thr Glu Val lie Ala Thr Leu Lya Asn Gly Lye 

35 40 
Lys Ala Cys Leu Asn Pro Ala Ser Pro Met Val Gin Lys He He Glu 

50 55 
Lys He Leu Asn Lys Gly Ser Thr Asn 
65 "'O 
(2) INFORMATION FOR SEQ ID NO: 5 1 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
Kla Glu Leu Arg Cys His Cys He Lys Thr Thr Ser Gly He His Pro 

Lys Asn He Gin Ser Leu Glu Val He Gly Lys Gly Thr His Cys Asn 
20 

Gin val Glu val He Ala Thr Leu Lys Asp Gly Arg Lys He Cys Leu 

ASP pro ASP Ala pro Arg He Lys Lys He Val Gin Lys Lys Leu Ala 
50 55 

Gly Asp Glu Ser Ala Asp 
65 

(2) INFORMATION FOR SEQ ID NO: 6: 

) (i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULB TYPE* peptide 
(Xi) SEQUENCE DESCRIPTIONS SEQ ID HOx6» 

Olu AI- Olu Glu ASP Gly ABp Leu Gin Cya Leu Cye Val Lye Thr Thr 

L Gin val Arg Pro Arg Hie He Thr Ser Leu Glu Val lie Lye Ala 
20 

01, pro Bl. cy. Pro Thr 01. Jl" 

„, t.y. Tl. cy. L,u «p MO <.1» 
50 



Lya Lya Leu Leu Glu Ser 
65 ''° 
(2) INFORMATION FOR SEQ ID NO:7i 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 77 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 7: 
val pro Leu Ser Arg Thr Val Arg Cys Thr Cye He Ser He Ser Aen 
L pro val Asn Pro Arg ser Leu Glu Lys Leu Glu He He Pro Ala 
ser Gin Phe Tys Pro Arg Val Glu He He Ala Thr Met Lys Lys Lya 
Cly Glu Lya Arg Cya Leu Aan Pro Glu Ser Lya Ala He Lya Aan Leu 

, X^u Lya Ala val Ser Lya Glu Met Ser Lya Arg Ser Pro 

65 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 amino acida 
c (B) TYPE: amino acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID HOtS: 
0 .1. Olv pro «. ». V.1 - »^ ^J" ^' 
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cm Thr Thr Cln Gly Val His Pro Lys Met lie Ser Asn Leu Gin Val 
20 25 30 

Pha Ala I la Gly Pro Gin Cya Ser Lys Val Clu Val Val Ala ser Leu 
35 40 45 

5 Lya Asn Gly Lya Glu lie Cya Leu Asp Pro Glu Ala Pro Phe Leu Lya 

50 55 60 

LvB Val lie Gin Lya lie Leu Asp Gly Gly Asn Lya Glu Asn 
65 70 75 

(2) INFORMATION FOR SEQ ID NO: 9 J 

10 (i) SEQUENCE CHARACTERISTICS* 

(A) LENGTH: 81 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: single 
(O) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: peptide 

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Glv Lya Glu Glu Ser Leu Aap Ser Asp Leu Tyr Ala Glu Leu Arg Cya 
15 10 15 

Met Cya lie Lys Thr Thr Ser Gly He His Pro Lys Asn He Gin Ser 
20 20 25 30 

Leu Glu Val He Gly Lys Gly Thr His Cys Asn Gin Val Glu Val He 
35 40 45 

Ala Thr Leu Lys Aap Gly Arg Lys He Cys Leu Asp Pro Asp Ala Pro 
50 55 60 

25 Ara He Lvb Lys He Val Gin Lys Lye Leu Ala Gly Asp Glu Ser Ala 

65 70 75 80 

Asp 

(2) INFORMATION FOR SEQ ID NO: 10: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 amino acids 

(B) TYPE: amino acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Asn Leu Ala Lya Gly Lys Glu Glu Ser Leu Asp Ser Asp Leu Tyr Ala 
15 10 15 

Glu Leu Arg Cya Met Cys He Lys Thr Thr Ser Gly He His Pro Lys 
40 20 25 30 

Asn He Gin Ser Leu Glu Val He Gly Lya Gly Thr Hia Cys Asn Cln 
35 40 45 
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V.X oxo V.X IX. T.. «P OX, «, .y. XX. cy. «u 

50 

p„ „P «. «o .x. z.,. XX. V.X ox„ .y. x-y. oxv 

65 

5 A8p Clu S9V Ala 

(2) INTORMATIOH FOR SEQ ID NO: 11: 
(i) SEQOBHCB CHAHACTERISTICS: 
* ' (A) LENGTH: 94 amino acids 
(B) TYPE: amino acid 
1° Ic) STRMIDEDNESS: single 

tD) TOPOWJGTf: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:lll 
Ser se. T.. Lys Olv Cln TKr L.e ... Jsn Leu Ala Lys Cly Lys Clu 

L S.r Leu ASP ler .sp Leu Tyr .la Clu Leu .r, Cys Het Cys He 
20 

TH. .H. S„ CXV XXe HX. Pr= - XX. =Xu V.X 

XX. cx, Z. cxy T.. Hi. C,. »n OX„ V.X CXU V.X XX. «. T.r 

50 

... =x, xy. XX. cy. X.U »P pro ..P Pro XX. |y. 

65 

7vi« Aen Glu Ser Ala Aap 

Lye lie Val Gin Lys Lys Leu Ala Gly Aep Gl 

(2) INFORMATION FOR SEQ ID NO: 12: 
IL\ SEQUENCE CHARACTERISTICS: 
* (A) LENGTH: 78 amino acids 
Jg. TYPE: amino acid 
30 \' sTRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 
35 Hil Met Gin Pro Asp Ala lie Asn Ala Pro Val T.r Cys Cys Tyr Asn 

L T.r Asn Arg Lys He Ser Val Cln Arg Leu Ala Ser Tyr Arg Arg 
20 

», s.r s.. «. cy. pro Jy. =Xu .X. V.X XX. PH. »r XX. 
V.X ^y. XX. cr. «P Pro .y. <=x„ .y. Xrp V.X OXn ..P 

50 ^ 



20 



25 



40 
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ser Met Asp His I.eu Aep Lys cln Thr Gin Thr Pro LyB Thr 
65 ^° 
(2) INFORMATION FOR SEQ ID NOil3: 

(i) SEQUENCE CHARACTERISTICS: 

5 (A> LENGTH: 72 amino acida 

(B) TYPE: amino aeid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY t linear 

(ii) MOLECULE TYPE: peptide 
10 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Phe ser Ala Ser Leu Ala Ala Asp Thr Pro Thr Ala Cys Cys Phe Ser 

^r Thr ser Arg L He Pro Gin Asn Phe lie Ala Asp Tyr Phe Glu 

' 20 25 

Thr ser Ser Gin Cys Ser Lys Pro Gly Val He Phe Leu Thr Lys Arg 

35 *° 
S=r AX, <=ln V.1 cy. Al. «P Pro s.r Glu olu Xrp v.l 01. L.. Tyr 

50 5^ 
val ser Asp Leu Glu Leu Ser Ala 
65 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A> LENGTH: 66 amino acj-ds 
(B) TYPE: amino acid 
,S (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

P.O Tyr ser Ser Asp Thr Thr Pro Cys Cys Phe Ala Tyr He Ala Arg 

pro Leu ASP Arg L His He Lys Glu Tyr Phe Tyr Thr Ser Gly Lys 

20 * 
cy. se. A|„ pro AX. V.l v.l PJ. V.l Th. Ar, Ly. A.„ A., Olr V.l 

cy. Al. pro OIu 1.,. U,. Trp Tyr Ar, <=lu Tyr 11. A.n S.r l^u 



15 



20 



35 



Glu Met 
65 



(2) INFORMATION FOR SEQ ID NO: 15: 

40 (i) SEQUENCE CHARACTERISTICS: 

^ ' (£) LENGTH: 65 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGYt linear 
(ii) MOUICULE TYPE: p«ptido 
(Xi) SEQOTNCZ DSSCRIPTIOM: SEQ ID NO; 15: 

s„ «P «o T^. «. cy. cy. .J. - Tyr T« «. .y. 

L pro 5- PH. v.. V.I ..P Ty. Tyr Thr se. s.r Cy. 

so. pro 1 V.I vax P.O OX. T,. .y. ser Jy. v.. C 

35 

Glu ser Trp Val Gin Glu Tyr Val Tyr Asp Lau Glu 
Ala Asp pro Ser Glu Ser xrp va 



Leu 
65 



(2) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
ser Ala Lye Asp Leu Gin Cys Gin Cys lie Lye Thr Tyr Ser Lye Pro 

L His pro Lye L Xle Lys Glu Leu Ar. Val Xle Glu Ser Gly Pro 
20 

cy. "n Tnr Olu I.. U. v.. .y. ^ s.r J.p =1, Olu 

C. L »P pro .ys «u «n Trp v.l =.n V.. V.. =X» .y. 

50 

Phe Leu Lya Arg Ala Glu Asn Ser 
65 

(2) INFORMATION FOR SEQ ID NO: 17: 
(i) SEQUENCE CHARACTERISTICS: 
* ' (A) length: 72 amino acids 

(B) TYPE: amino acid 

fC) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xil SEQUENCE DESCRIPTION: SEQ ID NO:17: 
S.1 «. .y. «u cy. «n cy. U. .y. .yr s.r .y. Pro 



W0 96/13S87 



PCTAJS95/13897 



-59- 

«v,» Tia Tvfl Glu Tvr Arg Arg lie Glu sec Gly Pro 
Phe His Pro LyB Phe lie Lyfl Giu lyr Aig 

20 25 
HiB cys Ala Asn Thr Glu lie 11- Val Lys Leu Ser Asp Gly Arg Glu 
35 ^° 
5 Leu eye Leu Aap Pro Lye Glu Asn Xrp Val dn Arg val Val Glu Ly- 

50 55 

Phe Leu Lya Arg Ala Glu Asn Ser 
65 "^^ 
(2) INFORMATION FOR SEQ ID NO: IB: 

10 (i) SIEQUKNCE CHARACTERISTICS; 

^ ' (A) LENGTH: 72 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

15 (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
ser Ala Lys Glu Leu Arg -ye Gin Cys lie Lya Thr Tyr Ser Lys Pro 

Phe His pro Lys Phe lie Lys Leu Glu Arg Val He Glu Ser Gly Pro 
20 20 25 

His cys Ala Asn Thr Glu He lie Val Lys Leu Ser Asp Gly Arg Glu 

Leu cys Leu Asp Pro Lys Glu Asn Trp Val Gin Arg Val Val Glu Lys 
50 S5 

2 5 Phe Leu Lys Arg Ala Glu Asn Ser 

65 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acids 
30 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION; SEQ ID NO: 19: 
35 ser Ala Lys Glu Leu Arg Cys Gin Cys lie Lys Thr Tyr Ser Lys Pro 

Phe His pro Lys Phe He Lya CIu Leu Arg Ala He Glu Ser Gly Pro 



20 



Hi. Cy. XI. «n TM Olu 11, lie V.l Ly. «« S,r Jp Oly 01« 
^ cy. 1 »P pro Ly. olu «n Trp V.1 01„ «, V.l v.l »lu Ly. 



50 
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Ph« 1-u Ly- Arg Ala Clu Aan Ser 

65 ^° 
(2) INFORMATION FOR SEQ ID NO: 20: 
(i> SBQUENCE CHARACTERISTICS: 
5 ' I A) LENGTH: 68 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS I B ingle 

(D) TOPOLOGY: linear 

(ii) KOLBCXn.E TYPE: peptide 
10 (xi) SEQUENCE description: SEQ ID NOs20: 

sar Ala Lye Glu Leu Arg Cys Gin Cye lie Lye Thr Tyr Ser Lys Pro 
L His pro Lys L lie Lys Glu Leu Arg Val He Glu Ser Gly Pro 
His Cys Ala l Thr Glu lie lie Val Lys Leu Ser Asp Gly Arg Glu 

^« cys 1 ASP Leu Gin Ala Pro X^u Tyr Lys Lys lie He Lys Lys 
50 

Leu Leu Glu Ser 
20 65 

(2) INFORMATION FOR SEQ ID N0:2l: 
fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 

-c (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

ser Ala Lys Glu Leu Arg Cys Gin Cys lie Lys Thr Tyr Ser Lys Pro 

L His P.O Lys Pne He Lys Glu Leu Arg Val He Glu Ser Gly Pro 

His cys Ala l Thr Glu He He Val Lys Leu ser Asp Gly Arg Glu 

.eu cys Teu Asp Pro Lys Glu Asn Trp Val Gin Arg Val Val Glu Lys 
50 

(2) INFORMATION FOR SEQ ID NO: 22: 
(i) SEQUENCE CHARACTERISTICS: 
* (A) LENGTH: 67 amino acids 
(B> TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



30 



35 
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(xi) SEQUBKCE DESCRIPTION* SEQ ID NOt22t 

s.r Al. Ly. Clu L.U «, cy. oln cys v.l Ly. Thr Thr S« «n V»l 

L, Pro xr. Hi. II. Thr =er I,.u olu V.X Zl. Ly. .1. cly Pro HI. 

20 

cys pro Thr Ala Gin Xeu lie Ala Thr Leu LyB Asn Gly Arg Lya He 

eye Leu ^^p Leu Gin Ala Pro Leu Tyr Lye Lys lie He Lya Lys Leu 
50 

Leu Glu Ser 
65 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : flinglG 

(D) TOPOLOGY: linear 

(ii) MOLECtJLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Glu Ala Glu Glu Asp Gly Asp Leu Arg Cya Leu Cyo Val Lys Thr Thr 

Lr Gin val Arg Pro Arg Hie He Thr Ser Leu Glu Val lie Lya Ala 

20 25 
Gly pro KLa Cya Pro Thr Ala Gin Leu He Ala Thr Leu Lya Aan Gly 

Arg Lya He Cya Leu Aap Leu Gin Ala Pro Leu Tyr Lya Lya He He 
50 5S 

Lya Lya Leu Leu Glu Ser 
65 ""^ 
I (2) INFORMATION FOR SEQ ID NO: 24: 
fil SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 70 amino acida 
(B) TYPE: amino acid 
<C) STRANDEDNESS: single 
i (D) TOPOLOGlf: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24t 

Glu Ala Glu Glu Aap Gly Aap Leu Gin Cya Leu Cya Val Lya Thr Thr 
1 5 

HI a He Thr Ser Leu Glu Val He Lys Ala 
3 Ser Gin Val Arg Pro Arg His He Tnr J>er 

20 ^ 
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ox, pro BU cy. pro *X. CJn «u XI. «. T.r J.U .y. cx, 

x.y. "u cy. «u "P pro Ly. Trp V.X Ly. Ly. IX. XX. 

50 5^ 

5 i.y" i-y" ^n*^ 

65 ^° 

(2) INrORMATION FOR SEQ ID NO: 25! 

(t) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acids 
o (B) TYPE J amino acid 

(C) STRANDEDNESS I single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
,5 Glu Ala Glu Olu ASP Gly Asp Leu Gin Cys Leu Cys Val Lya Thr T.r 

Lr Gin val Arg Pro Arg His He Thr Ser Leu Glu Val lie Lya Ala 
Gly pro His ^Cys Pro Thr Ala Gin Leu lie Ala Thr Leu Ly. Aen Gly 

Arg Lye lie Cys Leu Asp Pro Asp Ala Pro Arg lie Lys Lys He He 
50 

Lys Lys Leu Leu Glu Ser 
65 ^° 
25 (2) INFORMATION FOR SEQ ID NO: 26: 
ID SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acids 

(B) TYPE! amino acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Clu Ala Glu Glu ASP Gly Asp Leu Gin Cys Leu Cys Val Lys Tgr Thr 
1 5 

S.r OX„ vaX XT, pro .r, »X. XX. Thr S.r «u OXu V.X XX, X-y. XX. 
OXy pro Hi. Z' pro »r XX. 0X„ XX. XX. T.r I.. X.y. X.. «y 

.y. cy. -° 
Lya Lys Leu Leu Glu Ser 



40 



wo 96/13587 



PCT/US95/13897 



-63- 

(2) INFORMATION FOR SEQ ID NO:27t 
(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 

<C) STRANDEDHESS : single 
<D) TOPOLOGY t linear 

(it) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27» 

Glu Ala Clu Glu Asp Gly Asp Leu Gin Cys Leu Cye Val Lye Thr Thr 
Ser Gin Val Arg Pro Arg His He Lya Glu Leu Arg Val lie Glu Ala 
Gly pro Hie Cye Pro Thr Ala Gin Leu lie Ala Thr Leu Lye Aan Gly 
Arg Lye lie Cya Leu Asp Leu Gin Ala Pro Leu Tyr Lye Lye He He 



50 



Lya Lys Leu Leu Glu Ser 
65 ""^ 

(2) INFORMATION FOR SEQ ID NO: 28: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acrds 
<B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Glu Ala Glu Glu Asp Gly Asp Leu Gin Cys Leu Cys Val Lys Thr Thr 

Val lie Lys Al» 



30 



ser Gin Val Gin Pro Gin His He Thr Ser Leu Glu V.l II. 

20 25 
Gly Pro His Cys Pro Thr Ala Gin Leu He Ala Thr Leu Lys Asn Gly 

Gin Lys He Cys Leu Asp Leu Gin Ala Pro Leu Tyr Lys Lys He He 



50 

35 Lys Lys Leu Leu Glu Ser 

65 '° 
(2) INFORMATION FOR SEQ ID NO: 29: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 310 base pairs 
40 (B) TYPE: nucleic acW 

(C) STRANDEDNESS: dOuWe 

(D) TOPOLOGY: linear 
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1.1) SigOEHO! DMCRIPTION. SM ID H0.29. 
ec=C«C.T= «CT=C==» CCCOOTXC. COCCTC^CCC CCCCCOCTOC TaTTCCTOC 0 

„^cxc c^c^ —X "~ 

S c<™cc C«T=««X .^CCCCTC CC«>OTCCOt CCC«CC«:A TCCC^CCX . 

««C=«^C C=C»C«=C= =.CTC=OC» OTe»«CCA «cio«=« »o 
XTTTOCTTCO A=T<««.= 300 

TTTGOAGAGT 

(2) INFORMATIOH FOR SEQ ID N0:30t 
10 til SBQUSNCE CHAHACTZRISTICSt 

' ' tl) LENGTH. 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESSJ single 

(D) TOPOLOGY: linear 

15 (ii) MOrJECULE TYPE: DKA 

(Xi) SEQUENCE DESCRIPTION. SEQ ID NO, 30. 
^C^^ I^ATOGCCA CCTOCAGTCC CTCTCTCTC. .C.CCACCXC CCGOTC 57 
(2) INPOBMATION FOR SEQ ID N0.31« 
111 SEQUENCE CHARACTERISTICS. 
,0 (A) LENGTH: 100 base pairs 

2° |b TTPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGlf: linear 

(ii) MOLECULE TYPE: DNA 
25 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

e^CTATC AGTTOCCCAC TCGGGCAGTG GGGTCCCGCC TTCATCACCT CCACOCTCCT ^eO 
GATGTGCCTG CCACGGACCT GCGAOGTGGT CTTCACACAC 
(2) INFORMATION FOR SEQ ID NOi32. 

<1) SEQUENCE CHARACTERISTICS: 
30 (A) USNGTH. 99 base pairs 

30 B TYPE, nucleic acid 

)c» STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION. SEQ ID NO:32, 
GCAAGCCCCG CTGTACAAGA AAATAATTAA GAAACTTTT 
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(2) INFOHMATIOM TOR SEQ ID NOi33i 

(1) SEQUENCE CHARACTERISTICS* 

(A) LENGTH: 40 baaa pairs 

(B) TYPE: nucleic acid 

5 (C) STRANDEDMESSs single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
CTAACTCTCC AAAAGTTTCT TAATTATTTT CTTGTACAGC 40 
10 (2) INTORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 207 baaa pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
ATCACTGCTA AAGAACTTAG ATGTCAGTGC CTGAAGACCA CCTCCCAGGT CCGTCCCAGG 60 
CACATCACCA GCCTGGAGGT GATCAAGGCC CGACCCCACT GCCCCACTCC TCACCTCATA 120 
20 GCCACGCTGA AGAATGGAAC GAAAATTTCC TTGGACCTGC AACCCCCGCT CTACAAGAAA . 180 

207 

ATAATTAAGA AACTTTTGGA GAGTTAG 

(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
30 ATGAGTGCTA AAGAACTTAG ATGTCAGTGC GTGAAGACCA CCTCCCAGGT CCGTCCC 57 
(2) INFORMATION FOR SEQ ID NO: 36: 

(t) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 

3 5 (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO«36i 
ATGAGTGCTA AAGAACTTAG ATGTCAGTGC ATAAAGACAT ACTCCAAACC TTTCCACCCC 60 
40 AAATTTATCA AAGAACTGAG AGTGATTGAG AGTGGACCAC ACTGCOCCAA CACAGAAATT 120 
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ATTGTAAACC TTTCTCATOG AAGAGAGCTC TGTCTGGACC CCAAGOAAAK CTGCOTOCAO 180 

ACGGTTGTGG AGAAGTTTTT GAAGAGGGCT GAGAATTCA ^19 

(2) IHFORMATION FOR SEQ ID MO J 37: 

{!> SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) KOLECOLE TYPE: DHA 
10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO;37: 

ATGAGTGCTA AAGAACTTAG ATGTCAGTGC ATAAAGACAT ACTCCAAACC TTTCCACCC 59 
(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 base parra 
T5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

20 CCATCAGAAA GCTTTACAAT AATTTCTGTG TTGGCGCAGT GTGGTCCACT CTCAATCACT 60 

CTCAOTTCTT TGATAAATTT GGGGTGGAAA GGTTTGGAG 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 99 base pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

30 AACACAGAAA TTATTGTAAA GCTTTCTGAT GGAAGAGAGC TCTGTCTGGA CCCCAAGGAA 60 

AACTGGGTGC AGAGCGTTGT GGAGAAGTTT TTGAACAGG 

(2) INFORMATION FOR SEQ ID NO: 40: 

<iV SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 37 base pairs 
TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 
40 TGAATTCTCA CCCCTCTTCA AAAACTTCTC CACAACC ^ 
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(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUZNCE CHARACTERISTICS! 

' * (A) LENGTHS 219 baee pairs 

(B) TYPE» nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: DHA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 
ATGAOTGCTA AAGACCTCCA GTGTCAGTGC ATAAAGACAT ACTCCAAACC TTTCCACCCC 60 
XAATTTATCA AAGAACTOAG AGTGATTCAO AOTOGACCAC ACTGCGCCAA CACAGAAATT 120 
ATTGTAAAGC TAAGCGATGG AAGAGAGCTG TGTCTGGACC CCAAGGAAAA CTGGGTGCAG 180 
AGGGTTGTGC AQAAGTTTTT GAAGACGGCT GACAATTCA ^1 
(2) INFORMATION FOR SEQ ID NO: 42 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

1 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

ATGAGTGCTA AAGACCTGCA GTGTCAGTGC ATAAAGACAT ACTCCAA 

(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
; (B) TYPE: araino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO: 43: 
0 lie Ala Thr Leu Lys Asn Gly Gin Lys 

1 5 
(2) INFORMATION FOR SEQ ID NO: 44: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 
S fB) TYPE: amino acid 

{C STRANDEDNESS: single 
(D) TOPOLOGY! linear 

(it) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO«44t 
0 Ala Cys Leu Asn Pro Ala Ser Pro He Val Lys 
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<2) INFORMATION FOR SEQ ID NO t 45 » 
ft) SZQOTNCB CHARACTERISTICS 1 

(A) I^CTHi 10 amino acids 

(B) TYPE J amino acid 

(C) STRANDEONESS: single 
<D) TOPOLOGY: linear 

(ii) MOUSCtTLE TYPE! peptide 

(Xi) SEQUENCE DESCRIPTIONS SEQ ID HOi45: 

Met Ser Ala Lys Glu Leu Arg Cys Gin Cya 

(2) INFORMATION FOR SEQ ID NOi46: 

(i) SEQUENCE CHARACTERISTICS: 

(A). LENGTH: 12 amino acids 
(B> TYPEt amino acid 
15 (C) STRANDEDNESS : single 

(D> TOPOLOGY: linear 

(ii) MOLECULE TYPES peptide 
(Xi) SEQUENCE DESCRIPTIONS SEQ ID NOt46. 
Glu Ala Cl« Glu ASP Gly ASP Leu Gin Cya Leu Gin 
20 1 ^ 

(2) INFORMATION FOR SEQ ID NOs47: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 72 amino acids 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS! not relevant 

(D) TOPOIX>GY: linear 

(ii) MOLECULE TYPE; protein 

(xi> SEQUENCE DESCRIPTIONS SEQ ID N0s47: 
ser Ala Lye Glu Leu Gin Cys Gin Cys lie Lys Thr Tyr Ser Lys Pro 

L His pro Lys Phe He Lys Glu Leu Arg Val He Glu Ser Gly Pro 
20 

Hi. cy. Al. A.n Thr =lu He lie V.X .y. L.u ser «P 01, »r, ol- 

35 L.. =y. "» A»P «o ». Glu «- Trp val oln "9 v.l v.l cl. Ly. 

50 

Phe Leu Lys Arg Ala Glu Asn Ser 
65 "^^ 
(2) INFORMATION FOR SEQ ID NO: 48s 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 52 amino acids 

IB) TYPES amino acid 

(C) STRANDEDNESS: not relevant 
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<D) TOPOLOGY: Linear 
(il) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NOt48i 

S„ Al. L,. ».P Leu ey. Oln oy. II. Thr Tyr se. Ly. Pro 
L HI. pro Ly. Phe II. .y. L.u «, v.I II. olu s.r =ly Pro 

20 

Hi. cys Ala Asn Thr Glu He Ar, Val Val Glu Lya Phe Leu Lya Arg 
35 *° 

10 Ala Glu Asn Ser 

50 

(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acidB 
15 (B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY! linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:49s 
20 ser Ala Lye Asp Leu Asn Cye Gin Cye lie Lya Thr Tyr Ser Lya Pro 

Phe His pro Lye Phe He Lya Glu Leu Arg Val He Glu Ser Oly Pro 
20 2^ 

His Cya Ala Aan Thr Glu lie lie Val Lya Leu Ser Aap Gly Arg Clu 
25 35 *0 

.eu Cya Leu Asp Pro Lys Glu Asn Trp Val Gin Arg Val Val Glu Lya 
SO 55 

Phe Leu Lys Arg Ala Glu Aan Ser 

65 ^° 
3 0 (2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 229 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 
CAACCTTCAT ATGAGTGCTA AAGACCTGAA CTGTCAGTGC ATAAAGACAT ACTCCAAACC 60 
TTTCCACCCC AAATTTATCA AAGAACTGAG AGTGATTGAG AGTGGACCAC ACTGCGCCAA 120 
40 CACAGAAATT ATTGTAAAGC TAAGCGATGG AAGAGAGCTG TGTCTGGACC CCAAGGAAAA 180 
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CTCCGTGCAG AGCGTTGTCG AGAAGTTTTT GAAGAGCGCT GAGAATTCA 229 
(2) IHFORMATION FOR SEQ ID NO: 51: 

ti) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 37 base pairs 
5 (B) TYPE: nucleic acid 

fC) STRANDEDNESS: single 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

10 CAACCTTCAT ATGAGTGCTA AAGACCTGAA CTGTCAG ^7 

(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 228 base pairs 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS: single 

(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE! DNA 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO: 52: 
CAAGCTCATA TGAGTGCTAA AGAACTGCAG TGTCAGTGCA TAAAGACATA CTCCAAACCT 60 
20 TTCCACCCCA AATTTATCAA AGAACTGAGA GTGATTGAGA GTGGACCACA CTGCGCCAAC 120 
ACAGAAATTA TTGTAAAGCT AAGCGATGGA AGAGAGCTGT GTCTGGACCC CAAGGAAAAC 180 
TGGGTGCAGA GGGTTGTGGA GAACTTTTTG AAGAGGGCTG AGAATTCA 228 
(2) INFORMATION FOR SEQ ID NO:53i 

(i) SEQUENCE CHARACTERISTICS: 
2 5 <A> LENGTH! 40 base pairs 

(B> TYPE: nucleic acid 
(C> STRANDEDNESS! single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

30 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:53: 

CAAGCTCATA TGAGTGCTAA AGAACTGCAG TGTCAGTGCA 

(2) INFORMATION FOR SEQ XD NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 
' (A) LENGTH! 228 base pairs 
35 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO: 54: 
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C^CCTPTCAT ATGAGTGCTA AAGATCTGCG TTGTCAGTGC ATAAAGACAX ACTCCAAACC 60 - 
TTTCCACCCC AAATTTATCA AAGAACTGAG AGTGATTGAG AGTGGACCAC ACTCCCCCAA 120 
CACAGAAATT ATTGTAAAGC TAAGCGATGG AAGAGAGCTC TGTCTGGACC CCAAGGAAAA 180 
CTCCCTGCAG AGGGTTCTGC AGAGTTTTT CAAGAGGGCT CAGAATTCA 228 
5 (2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) SXRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE. DESCRIPTION: SEQ ID NO:55: 
CAAGCTTCAT ATGAGTGCTA AAGATCTGCG TTGTCAG ^"^ 
(2) INFORMATION FOR SEQ ID NO; 56: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 231 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

20 (11) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO :56s 
ATGAGTGCTA AAGAACTTAG ATGTCAGTGC ATAAAGACAT ACTCCAAACC TTTCCACCCC 60 
AAATTTATCA AAGAATACAG ACGTATTGAG AGTGGACCAC ACTGCGCCAA CACAGAAATT 120 
ATTGTAAAGC TAAGCGATGG AAGAGAGCTG TGTCTGGACC CCAAGGAAAA CTGGGTGCAG 180 
25 AGGGTTGTCG AGAAGTTTTT CAAGAGGGCT GAGAATTCAT AGTAACCATC C 231 
(2) INFORMATION FOR SEQ ID NO: 57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 313 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE type: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOs57s 
CCGCAGCATG AGCTCCGCAG CCGOGTTCTG CGCCTCACGC CCCGCGCTGC TGTTCCTCGC 60 
35 GTTGCTGCTC CTGCCACTTG TGGTCGCCTT CGCCAGOCCT CAAGCTCAAG AAGATCGGGA 120 
CCTGCAGTGC CTGTGTGTGA AGACCACCTC CCAGGTCCGT CCCAOGCACA TCACCAGCCT 180 
GGAGGTGATC AAGGCCGGAC CCCACTGCCC CACTGCCCAA CTGATAGCCA CGCTCAAGAA 240. 
TGGAAGGAAA GCTTGCTTGA ACCCGGCATC CCCGATTGTC AACAAAATAA TTAAGAAACT 300 
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(2) INFORMATION FOR SEQ ID NOj58: 
Ci) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 83 base pairs 
e (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 58: 
10 CTAACTCTCC AAAAGTTTCT TAATTATTTT CTTGACAATC GGGCATCCCG GCTTCAAGCA 60 

83 

ACCTTTCCTT CCATTCTTGA GCO 

(2) INFORMATION FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 234 base pairs 
15 (B) TYPE: nucleic acid 

^C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 
20 GTGGATATCA AGCTTCATAT CGAAGCTGAA CAAGATGGGG ACCTGCAGTG CCTGTGTGTG 60 
AAGACCACCT CCCAGGTCCA GCCCCAGCAC ATCACCAGCC TGGAGGTGAT CAAGGCCGOA 120 
CCCCACTCCC CCACTCCCCA ACTCATAGCC ACGCTGAAGA ATGGACAGAA AATTTGCTTG 180 
CACCTGCAAG CCCCGCTGTA CAAGAAAATA ATTAAGAAAC TTTTGGAGAG TTAG 234 
(2) INFORMATION FOR SEQ ID NO: 60: 

25 (i) SEQUENCE CHARACTERISTICS J 

(A) LENGTH. 67 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

30 (ii) MOLECULE type: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 
TGGAAGCTGA AGAAGATGGG GACCTGCAGT GCCTGTGTGX GAAGACCACC TCCCAGGTCC 60 
ACCCCCA 

(2) INFORMATION FOR SEQ ID NO: 61: 

35 fi) SEQUENCE CHARACTERISTICS: 

* ' (A) LENGTH: 75 base pairs 
(B) TYPE: nucleic acid 
IC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
CCCAGTGGGG CACTGGGCTC CGGCCTTGAT CACCTCCAGG CTGGTGATGT GCTCGGGCTC 60 
6ACCTGGGAO GTGOT 

(2) INFORMATION FOR SEQ ID NO: 62: 

5 li) SEQUENCE CHARACTERISTICS: 

(A) LENGTH! 88 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D> TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

GGCCGGACCC CACTGc'cCCA CTGCCCAACT GATAGCCACC CTGAAGAATG GACAGAAAAT 60 

TTGCTTGGAC CTGCAAGCCC CGCTGTAC ®® 

(2) INFORMATION FOR SEQ ID NO: 63: 

15 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 
Met Ser Ala Lya Glu Leu Gin Cya Gin Cys He Lys Thr Tyr Ser Lys 
1 5 10 

Pro Phe HiB Pro Lys Phe He Lys Glu Leu Arg Val He Glu Ser Gly 
25 20 25 J" 

Pro Hie cys Ala Asn Thr Glu He He Val Lys Leu Ser Asp Gly Ar, 

35 *0 
Glu Leu cys Leu Asp Pro Lys Glu Asn Trp Val Gin Arg Val Val Glu 
50 55 

30 Lys Phe Leu Lya Arg Ala Glu Asn Ser 

65 70 

(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 53 amino acids 
35 (B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQOSHCB DESCRIPTION: SEQ ID NOi64: 

Ket ser Ala Lya Asp Lau Arg Cys Gin Cys He Ly- Thr Tyr Ser I.y. 

1 5 ■>•" 

pro Phe Hi. pro Lya Phe He Lya Glu Leu Arg Val He Clu Ser Gly 
5 20 25 

Pro HiB CyB Ala Asn Thr Glu He Arg Val Val Glu Lya Phe Leu Lya 
35 *0 

Arg Ala Glu Aon Ser 
50 

10 (2) INFOBMATION FOR SEQ ID NO: 65: 

(i) SEQUENCE CHARACTERISTICS: 

<A> LENGTH: 73 amino acida 

(B) T^PE: amino acid 

(C) STRANDEDNESS: not relevant 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION! SEQ ID NOl65: 
Met ser Ala Lya Aap Leu Aan Cya Gin Cya He Lya Thr Tyr Ser Ly- 
1 5 10 

20 pro Phe Hia Pro Lya Phe He Lya Glu Leu Arg Val He Glu Ser Gly 

20 25 
Pro Hia cya Ala Aan Thr Glu He He Val Lya Leu Ser Aap Gly Arg 

Glu Leu cya Leu Aap Pro Lya Glu Aan Trp Val Gin Arg Val Val Clu 
25 50 55 

Lya Phe Leu Lya Arg Ala Glu Aan Ser 



65 



(2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 
3 0 <A) LENGTH: 31 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: peptide 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:66: 

Met ser Ser Ala Ala Gly Phe Cya Ala Ser Arg Pro Gly Leu Leu Phe 
1 5 

Leu Gly Leu Leu Leu Leu Pro Leu Val Val Ala Phe Ala Ser Ala 
20 25 
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(2) INFORMATION FOR SEQ ID NO: 67: 

(t) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 

Met ser Ala Lys Glu Leu Arg Cys Gin CyB Val Lye Thr Thr Ser Gin 

Val Arg Pro Arg Hie He Thr ser Leu Glu Val He Lys Ala Gly Pro 
20 

His Cys pro Thr Ala Gin Leu lie Ala Thr Leu Lys Asn Gly Arg Lya 

35 *° 
Ila cys LOU ABp Leu Gin Ala Pro Leu Tyr Lys Lys He He Lys Lys 
50 55 

Leu Leu Glu Ser 
65 

(2> INFORMATION FOR SEQ ID NO: 68: 

I (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

i (ii) MOLECin-E TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 

Met Glu Ala Glu Glu ASP Gly Asp Leu Gin Cys Leu Cys Val Lys Thr 

Thr ser Gin Val Arg Pro Arg His He Thr Ser Leu Glu Val He Lys 
) 20 25 

Cly pre HI. cyB Pro Thr Al. Oln Leu II. Thr Leu Ly. A.» 

Oly Ly. He Oy. Leu A.p Leu 31n Al. Pre Leu Tyr Ly. Ly. He 

50 55 
5 He Lya Lys Leu Leu Glu Ser 

65 

(2) INFORMATION FOR SEQ ID NO: 69: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 amino acids 
O (Bl TYPE: amino acid 

<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPES peptide 
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<xl) SEQUENCE DBSCRIPTlOMi SEQ ID KOi69: 

Kst ser Ala I.ys Glu Leu Cya Gin Cya He Lya Thr Tyr Ser Ly. 

L Pne Hia pro Lya Pha Xla Lya clu Leu .rg Val Il« Olu Ser oly 

20 25 
pro Hi. cya Ala Aan Thr Glu lie He Val Lya Leu Ser Aap Cly Ar, 

35 ^° 
ol„ L.U cy. X..U Pro Ly. Olu A.n Trp v.l OJn v.l v.l olu 

50 55 
Lya Phe Leu Lya Arg Ala Glu Aan Ser 
65 

(2) INFORMATION FOR SEQ ID NO « 70 I 
(t) SEQUENCE CHARACTERISTICS t 

(A) LENGTHS 73 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNESS : aingle 

(D) TOPOLOGY: linear 

<li) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

Met ser Ala Lya Aap Leu Gin Cya Gin Cya He Lya Thr Tyr Ser Lya 

L Phe Hia pro Lya Phe He Lya Glu Leu Arg Val He Glu Ser Gly 

20 2* 
pro Hi. cy. «1. ».n T.r Olu Il» II. V.l Ly. «u s.r x.p oly »r, 

Olu Leu Leu »P Pre Ly. Olu Trp v.l oln Ar, v.l v.l olu 

50 55 
Lya Phe Leu Lya Arg Ala Glu Aan Ser 
65 ^° 
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CTAIMS 

1. A protein having the amino acid sequence of a 
wild-type chemokine having four cysteine residues, with 
the following modifications: 
5 a) amino acids DLQ as the 3 contiguous amine acids 

on the N-terminus side of and proximal to the firs, 
cysteine residue of the wild-type chemokine; and 

b) amino acids ELXVX^XjXaX^XsXe as the 10 amino 
acids on the N^terminus side of and proximal to the third 
10 cysteine of the wild-type chemokine, wherein X is any 
amino acid, and X,X,X,X,X,X, can be any six consecutive 
amino acids on the N-terminus side of and proximal to the 
third cysteine of the wild-type chemokine. 

2. A protein of claim 1 having the amino acid 
15 sequence SAKDLQCQCIKTYSKPFHPKFIKELHVIESGPHCANTEIIVKLS- 

DGRELCLDPKENMVQRWEKFLKRAENS (SEQ ID NO: 16). 

3. A protein having the amino acid sequence of a 
wild-type Chemokine having four cysteine residues, with 
the following modifications: 

20 a) amino acids DLN as the 3 contiguous amino acids 

on the N-terminus side of and proximal to the first 
cysteine residue of the wild-type chemokine,- and 

b) amino acids El.XVX,yi:,X,X,XsX, as the 10 amino 
acids on the N-terminus side of and proximal to the third 

25 cysteine of the wild-type chemokine, wherein X is any 
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a.ino acid, and X,X,X3X,XsXe can be any six consecutive 
a.ino acids on the N-terHinus side of and proximal to the 
third cysteine of the wild-type chemokine. 

4. A protein of claim 3 having the amino acid 
5 sequence SAKDIl^CQCIKTVSKPFHPKFIKEI^VIESGPHCANTEIIVKLS- 

DGRELCLDPKENWVQRWEKFLKRAENS (SEQ ID NO: 49). 

5. A protein having the amino acid sequence of a 
wild-type chemokine having four cysteine residues, with 
the following modifications: 

10 a) amino acids ELQ as the 3 contiguous amino acids 

on the N-terminus side of and proximal to the first 
cysteine residue of the wild-type chemokine; and 

b) amino acids ELXVX1X2X3X4X5X6 as the 10 amino 
acids on the H-terminus side of and proximal to the third 
.5 cysteine of the wild-type chemokine, wherein X is any 
amino acid, and X,X,X3X,X,Xe can be any six consecutxve 
amino acids on the K-terminus side of and proximal to the 
third cysteine of the wild-type chemokine. 

6. A protein of claim 5 having the amino acid 
.0 sequence SAKELQCQCIKTYSKPFHPKFIKEI^VIESGPHCAKTEIXVKLS- 
DGRELCLDPKENWVQRWEKFLKRAENS (SEQ ID NO: 47). 



wo 96/13587 



PCT/US95/13897 



-79- 



7. A protein having the amino acid sequence of a 
wild-type chemokine having four cysteine residues, with 
the following modifications: 

a) amino acids DLR as the 3 contiguous amino acias 
5 on the N-terminus side of and proximal to the first 

cysteine residue of the wild-type chemokine; and 

b) amino acids ELXVX1X2X3X4X5X6 as the 10 amino 
acids on the N-terminus side of and proximal to the third 
cysteine of the wild-type chemokine, wherein X is any 

10 amino acid, and X^X^X^X.X.X, can be any six consecutive 
amino acids on the N-terminus side of and proximal to the 
third cysteine of the wild-type chemokine. 



8. 



A protein of any one of claims 1, 3, 



5, or 7, 



wherein amino acid X is R, N, E, or Q. 



15 9. A protein of claim 7 having the amino acid 

sequence SAKDLRCQCIKTYSKPFHPKFIKELRVIESGPHCANTEIIVKLS- 
DGRELCLDPKENWVQRWEKFLKRAENS (SEQ ID NO: 48) . 

10. A protein having the amino acid sequence of a 
wild-type chemokine having four cysteine residues, with 
20 the following modifications: 

a) amino acids ELR as the 3 contiguous amino acids 
on the N-terminus side of and proximal to the first 
cysteine residue of the wild-type chemokine; and 
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b) amino acids XDLQ as the 4 amino acids on the C- 
tenainus side of and proximal to the fourth cysteine of 
the wild-type chemokine; wherein X can be any amino acid. 

11. A protein of claim 10, wherein amino acid X 

5 is L. 

12. A protein of claim 10 having the amino acid 
sequence SAKELRCQCVKTTSQVRPRHITSLEVIKAGPHCPTAQLIATLKN- 
GRKICLDLQAPLYKKIIKKLLES (SEQ ID NO: 22). 

13 . A protein having the amino acid sequence of a 
10 wild-type chemokine having four cysteine residues, with 

the following modifications: 

a) amino acids DLQ as the 3 contiguous amino acids 
on the N-terminus side of and proximal to the first 
cysteine residue of the wild-type chemokine; and 
15 b) amino acids ACLNPASPIVK (SEQ ID NO: 44) 

replacing 11 amino acids including the fourth cysteine of 
the wild-type chemokine, wherein the C in ACLNPASPIVK 
corresponds to the fourth cysteine residue. 

14. A protein of claim 13 having the amino acid 
20 sequence eAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAGPHCPTAQLIATLKN- 
GRKACLNPASPIVKKIIKKLLES (SEQ ID NO: 26). 
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15. A protein having the amino acid sequence of a 
wild-type chemokine having four cysteine residues, with 
the following modifications: 

a) amino acids DLQ as the 3 contiguous amino acids 
5 on the N-terminus side of and proximal to the first 

cysteine residue of the wild-type chemokine; and 

b) amino acids lATLKNGQK (SEQ ID NO: 43) and Z as 
the 10 amino acids on the N-terminus side of and proximal 
to the fourth cysteine of the wild-type chemokine, 

10 wherein Z is any amino acid. 

16. A protein of claim 15 having the amino acid 
sequence 

EAEEDGDLQCLCVKTTSQVQPQHITSLEVIKAGPHCPTAQLIATLKNGQK 
ICLDLQAPLYKKIIKKLLES (SEQ ID NO:28). 



15 



17. A protein of any one of claims 1, 3, 5, i, 
10, 13, or 15, wherein said wild-type chemokine is 
inlerleukin-8 (IL-8), melanoma -growth stimulating factor 
(GRO-a) , macrophage inflammatory protein-2 alpha (MIP- 
2a), MIP-ic., platelet factor 4 (PF4) , neutrophil 
20 activating peptide-2 (NAP-2) , Neutrophil Activating 
protein (78 amino acids in length) {ENA-78) , platelet 
basic protein (PBP) , connective tissue-activating peptide 
III (CTAP-III) , ^-thromboglobulin (^TG) , gamma interferon 
inducible protein 10 (ylP-lO) , macrophage chemotactic and 
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activating factor (MCAF) , or Regulated on Activation, 
Nor^nal T-cell Expressed and Secreted protein (RANTES) . 

18. A protein of clai.> 1, wherein said wild-type 
chemokine is interleukin-8 (IL-8) . 

5 19. A protein of claim 10, wherein said wild-type 

chemokine is platelet factor 4 (PF4) . 

20. The use of a protein of claim 1 for the 
manufacture of a medicament for suppressing proliferation 
of an actively dividing myeloid cell. 

10 21. A protein of claim 1 for use as an adjunctive 

agent in chemotherapy or radiation therapy. 

22. A protein of claim 1 for use in treating a 
hyperproliferative myeloid disease. 

23, The use of a protein of claim 1 for the 
15 manufacture of a medicament for treating a 

hyperproliferative myeloid disease. 



24. 



A protein of claim 22 or 23, wherein said 
disease is chronic myelogenous leukemia, polycythemia 
vera, or a hypermegakaryocytopoietic disorder. 
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25. A method Of detecting myeloid cells in 

a sample of cells comprising 

obtaining a sample of cells, 

contacting the sample with a protein of claim 1 
5 under conditions that allow said protein to hind to any 
CD34* myeloid cells in the sample to form bound 

complexes , and 

detecting any bound complexes in the sample as an 
indication of the presence of myeloid cells in the 

10 sample. 

26. A method of isolating CD34- myeloid cells 
from a sample of cells comprising 

obtaining a sample of cells, 

contacting the sample with a protein of claim 1 
.5 under conditions that allow said protein to bind to any 
CD34* myeloid cells in the sample to form bound 
complexes, 

removing any bound complexes from the sample, and 
separating C034* myeloid cells from said bound complexes 
20 to isolate the CD34^ myeloid cells from the sample. 

27 A nucleic acid having the sequence of SEQ ID 
„0 = 54, SEO ID NO:56, SEQ ID HO = 57, or SEQ ID HO:59. 
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28 A protein having the amino acid sequence . 

VQRWEKFL (SEQ ID NO! 17). 

29 A protein of claim 28 for use in enhancing 

S myeloid ceil proliferation .y inhibition of IL-S .e^iated 
myelosupprcssion . 

30.- A protein having the amino acid sequence of a 
wild-type che-oKine having four cysteine residues, the 
amino acid sequence comprising a heterologous active 
XO domain selected from the group consisting of: ^. OU,. 
EM, out, EU^V. DLQ, lATLKNGQK (SEQ ID H0 = «), and 
ACLHPASPIVK (SEO ID NO:44). 

31 A protein of claim 30, wherein the 
heterologous active domain replaces a number of amino 
15 acids identical to the number of amino acids in the 

.ctive domain on the H-terminus side of and proximal to 
.he first cysteine residue of the wild-type chemo.ine. 

3j A protein of claim 30. wherein the 
heterologous active domain replaces a number of amino 
.0 acids identical to the number of amino acids in the 
.ctive domain on the N-terminus side of and within IX 
.mino acids of the third cysteine residue of the wild- 
type chemokine. 
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33. A protein of claim 30, wherein the 
heterologous active domain replaces a number of amino 
acids identical to the number of amino acids in the 
active domain on the N-terminus side of and within 11 
5 amino acids of the fourth cysteine residue of the wild- 
type chemokine. 

34. a' protein of claim 30, wherein the 
heterologous active domain replaces a number of amino 
acids Identical to the number of amino acids in the 
10 active domain on the c-terminus side of and within 11 
amino acids of the fourth cysteine residue of the wild- 
type chemokine. 
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Fig. 3A (SEQ ID NOi29) 
ccgcagca.gagctccg=ag==gg9"ccg=gc=tcacg==ccggg=^ 
' ggc'g^'c'^^^^'c'^a'^^c'^Jc^'gc'c'c'Ia'^a'^g'c^g'agcgcggggcccgacgacaaggaccc 

« . . . A C P C A S K P C L L P L C (18, 



_PF4-1_ 



g«gccgctcccgccactcg.ggccg=c«cgccagcgccgaagc.gaagaagacgg^^^ 

" ;;:;;;;;:;g«9g^ga;;:;;:;o;;::gcggccg=gacntcga=cc=ccccac=ccc 

U L L U P L V V A F A S A/ E A E E D G D 
^ ^ (SEQ ID NO:66> 

1(SEQ ID NO:30) 
cc.gc.........,^=-.-. g.cccaggcaca.caccag=c. 

9Sacg;«;;gtc-:;;;;tggcgga^^ 

— ■"="■"=" ^g^Q NO:31) 

L Q C L C V K T T S 0 V R P R H I T S L 

— -•-•-•PF4- 3 
icgcccaaccgatagccacgctgaagaa 



ggaggtgaccaaggccggaccccaccgccccaccg( 



-PF4-2 

I K A G P H 



CPTAQLIATLKN 



PF4-3- - - - 

cggaaggaaaa..cgcctggac«acaagcc=cgctgcacaagaaaataa.caagaaacc 



.cccgcaagccccgctgtai 

241 

accttccccttaaacga 

(SEQ ID 



(SEQ ID NO:33> h*'"*** '^'^ 

grkicldl 

—I PF4-3 (SEQ ID NO: 32) 
Cttjggagagttag (SEQ ID NO:2 



C K K I C L D . Q A P L r K K I I K K L 



301 

aaacctctcaate 
..••PF4-4**«« 

L E S (SEQ ID NO: 6) 
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Fig. 3B (SEQ id no:34) 



{SEQ ID NO:35 
PF4M2-1, 



ATGAGTGCTAAAGAACTTAGATGTCAGTGCG- 



ITGAAGACCACCTCCCAGGTCCGTCCC^ 



;;;;c;cg;t;^c^g;;tctacagtcacgcacttctggtggagggtccaggcagggtcc 

„ S A K E L R C Q C V K T T S Q V R P R ' 

cacatcaccagcctggaggtgatcaaggccggaccccactgccccactgctcagctg^^^ 



icctggggtgacggggtgacgagtcgactat 

G P 1 

GCCACGCTGAAGAATGGAAGGAAAATTTGCTTGGACt 



JTGTAGTGGTCGGACCTCCACTAGTTCCGGCa 

^„Tv^r, PHCPTAQLI 



CGGTGCGAC^^ACCTTC^TAAACGAACCTGGACGTTCGGGGt( 
tSEO ID NO:33) f-' 
ATLKNGRKICLDLQA 

ATAATTAAGAAACTTTTGGAGAGTTAG (SEQ ID NO: 34) 

^ ♦ 277 

TATTAATTCTTTGAAAACCTCTCAATC 
= ..» = = = = = PF4 -4 = " = "»- = "— 

. r K K L L E S - (SEQ ID NO:67) 



rGACATGTTcrrr 
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Fig. 3C (SEQ ID 



NO:57) 



ccgcagcacgagccccgcagccgggctccgcgcctcacgccccgggctgctgtccctg^^ 
gg^'gc"c'gJa'ct'c"g'a'gg"cgccggcccaagacgcggagtgcggggcccgacgaeaaggaccc 
MSSAAGFCASRPGLLFLG 



gttgccgctcctgccac'ttgcggtcgccttcgccagcgctgaagctgaagaagatgggga 
clacglcgagglcggcgaacaccagcggaagcggccgcgactrcgacttctcccaccccr 

L L L 



120 



LPLVVAFASA/EAEEDGD (38) 



(SEQ ID NO: 66) 

IISEQ ID NO:30) 



cctgcagcgcccgcgcgtgaagaccacctcccaggcct:gtcccaggcacatcaccagcct 
gglcgc=lcgg±lclcactcctggcggagggtccagg=agggt^^^ 



L Q C L C 



-PF4-2- 
(SEQ ID NO:31) 
VKTTSQVRPRHITSL (58) 



-•PF4-3-' 

ggaggrgaccaaggccggaccccaccgccccaccgcccaaccgatagcca^^ 
cctcclcclgttccggcccggggiigacggggcgacgggccgactateggcbcga^^^^^^ 

GPHCPTAQLIATLKN i^S) 



E V I 



agcctgctcgaacccggcatccccgattgtcaagaaaacaactaagaaact 



accttccttccgaacgaacctgggccgcaggggct 



aacagcccct react aactccccga 
...PF4-414- I*"* •** 



= a K A <: X. » P A S P I V K K I I K K L. 

PF4.3 (SEQ ID NO:32) 
cctjggagagctag (SEQ ID NOt57) 

aaaccccccaatc 

...«PF414-I** (SEQ ID NO:58) 

(101) 

L E S (SEQ ID NO:26) 



wo 96/13587 



PCT/US95/13897 



Fig. 3D (SEQ ID NO:59) 

_PF4-4 26-l 

gtggatatcaagcttcatatggaagctgaagaagatgggga 

. V^allV.VslllV'^lV-^^^^^^^ ,38) 



SEQ ID NO: 60) 
cacatcaccagccC 



(SEQ ID N0:61) 

. 0 C . C V K T T S 0 V » P 0 H I T S L 



-•PF4-426-3-' 



ggaggcgarcaaggccggaccccaccgccccaccgcccaactgaragcc^ 

;;;;;:;»;c;;;;;c;;;;;;^;-;;;;c;i;ggg-ga=caccggcg=gaccccc. 

Pr4 -426-2 

CPTAQLIATLKK 



E V I K A G P H 

.....PF4-426-3----- - IsEO ID NO = 62) 

;;gV;ag;aa;;..gcr.ggacc.gcaagccccg«gtaci.agaaaa^ 



;;;;g;;;;;»:acg;;;;;;;:c;;;;g^.facacgc.c..^^^^ 

(SEQ ID NO:33) ^^"^ 

r, r vvKIlKKL 
GQKICLDLQAPLYKKI 



cccggagagctag (SEQ ID NO: 59) 

301 **" 
aaacctctcaatc 
....pF4-4**»« 

L E S (SEQ ID NO:68) 
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Fig. 4A (SEQ ID NO: 36) 



(SEQ ID NO:37) 
IL-8-1 



ttccacci 



„ S . K E L R C = = I K T , S K P F » 

-■IL-8-3--- • 

aaatttatcaaagaactgagagtgattgagagtggaccacac^ 
K F I K E L R V I E S G P H C A N T E I 

IL-8-2 

, V K L S D 0 R E L C L D P K E N W V 0 

. - -TL 8-3 — — —-H (SEQ ID NO:39) 
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Fig. 4B (SEQ ID 1 



iL-eMi-i___ •"*] < 

~ ICAAflCCTTTCCACCCC 



(SEQ ID NO:42) 

ATGAGTGCTAAAGACCTGCAGTGTCAGTGCATAAAGACATACTCCAi 
TACTCACGAmCTGGACGTcIcAGTCACGTATTTCTGTATGAGGTTTGGAAAGGTGGGG 

MSAKDLQCQCIKTYSKPFHP - 
AAATTTATCAAAGAACTGAGAGTGATTGAGAGTGGACCACACTGCGCCAACACAGAAATT ^ ^ ^ 
" mllliAGmOTGlCTCTCACT^CTCTCACCTGGTGTGACGCGGTTGTGTCTTTAA 

KFIKELRVIESGPHCANTEI - 

ATTGTAAAGCTAAGCGATGGAAGAGAGCrrGTGTCrrGGACCCCAAGGAAAACTCGG^ 

;;;clmCGlTTCGciAC^CTCTCGAcIcA^^^ 



IVKLSDGRELCLDPKE 
AGGGTTGTGGAGAAGTTTTTGAAGAGGGCTGAGAATTCA (SEQ ID NO:41) 
TC^CAACACCTCTTCAAAAACTTCrCCCGACTCTTAAGT 

{SEQ ID NOi40) 

VCAENS (SEQ ID NO:70) 



V Q 
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Fig. 4C (SEQ ID NO:52) 
H (SEO ID NO:53) 

HSAKELQCOCIKTY 

K . : K . . « V X . = = ' " ^ ' " ^ ^ ' - 

. V K L S O C R e ^ C . 0 . K . » « V 0 . 
RVVEKri.KR»' 
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Fig. 4D (SEQ id N0:54) 



(SEQ ID NO:S&) 



actecaaaccttcccaccec 



;;;;;;;;;;^.gagcg«aaagatc.gcg.tgccagfgcacaaag..-.-^^_-- 

g;;;;:;;;:;:;;«;;-"c;:;:;;;::«.^cac;.a.c.«g.acgagg....3aaaggcggg. 

„ S . K O L K C 0 C I K T V S K P . H P - 
.aatttaccaaagaaccgagagtga.cgagag.ggaccacac.gcgccaaca^ 

;;;:«;ag;;;«cg;;;;^=a;"ic;;;;a;=tgg.gtgacgcggrcgcgcc...aa 

K P I K E L R V I E S C P H C A N T E : - 



attgtaa. 



aagcca-gcgatggaagagagccgtgcccggaccccaaggaaaac.^ 

. ^ r r rnaprcaCOt 



21C 



;;:;:;ctcgac.cgc.acc.ccc«cgacacagac«gggg..cc....9-ccac..c 



L S D G 



L D 



aggg.cgcggagaagct..cgaagagg.ccgagaac.ca <SEC ID NO:S.. 
„ „ „■ K F L K R A E N S - .SEQIDNO:.4, 
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Pig. 4E (SEQ ID NO:50) 



., „ , -4 (SEQ ID NO: 51) 

,IL-8HL0-1 -igca.aaagaca««ccaaacc..cccacccc 



caagcttcatatgagcgccaaagacccgaa«gt«4 
gttcgaagcacccacgatttccggacctcacag 
MSAKDLNC 
aaact.a.caaagaa=tgagagcgatcgagag.ggaccacaccgcgcc« 

Cttaaacagtti 



tcacagtcacgcatctccgcatgaggtttggaaaggtgggg 



:;;;;;;;;;gic;;;«=taac.c.=a==.gg.gtga=g=gg"9cg-tttaa 



actg.aaagccaagcgacggaagagagc.gtgcctggaccc=aaggaaaaccgggcgcag 

;::;:;;;;;;;;=;=";c;;;;«cg:::«gac«ggggcc=cct.cgacccacgtc 



agggc.gcggagaag..c»gaagagggc.gagaa.^ .SEC 10 NO:S0, 
, E K P . K R A E N S - (SEQ ID NO:65, 
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Rg. 4F 



80 ATGAGTGCT^GAAOTAGATGTCA^^ 
293 lUiGUCTiUiUOTAUTGTCAGTGCATAAAGACAT^ 244 

13 0 tttccaccc^iaaatttatcAaagaatacag^ 

180 ACTGCGCCa^CACAGAAATiATTGTAAAGCTA^^ 229 
193 iUUUcJIUUGAUmAUGTAAAGCTAAGCGATGGAAGAGAGCTG 144 
230 TGTCTGGACCCCAAGGAAaAcTGGGTGCAGA^^ 279 
143 UiUUiiiilrUGGiAUCTGLTGCAGAGGGTTGTGGAG^^ 
280 GAAGAGGGCTGAGAATTCATAGTAAGGATCC 310 (SBQ lO 1^0: sO 
93 GAAGAGGGCTGAGAATTCATAGTAAGGATCC 63 
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r.;r ^--.= . — — 

T:lrine arb a.lno acids EI^.X,X3X,X,Xe as the xo 
10 chs^oKlne and ^.^^ „f ,„a proximal to the 

a.ino acxds on » . ,^,„o^ine, wherein X is 

third cysteine c£ the vxl yp ,^x,X,X,X,X, can 

^arstx — ^^^^^^^ - - "-"^xr 

be any sxx cysteine of the wxld-type 

" lrlZ°r'r:.rr:Z^T: J.^..... ca„ have the a.in. 

the a-ino acid sequence of a following 
P.-., havin, four cysteine , contiguous 

-""''^r:: t^l ^TeLrs -^ ana pro.i.al to the 
amino acids on the N t ^^i^.type oheBOkine; and b) 

" ^^i:: ^X^^^s tL I'nracidfon the c-ter.inus 

:rorrn: ^r^ai nrai:'^:.::"'^. 
r:arc:rr:^r;:ir^^^^^^^^^ 

™"^raddTti" r°4"'invention features a protein 

in aaai-cio , „^ «^ , wild-type chemokme. 
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Fig. 6H 
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Fig. 7A 
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